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^ . ' . • Title of The Invention ; " 

AC YLATED URIDINE AND CYTIDINE AND USES THEREOF ' . . 
. , ; "This , application is a continuation-in-part of 
United States application Ser. No. 115,929 i filed 
October. 28, 1987, the disclosure of which is incorporated 
herein by reference. ... 
Field of T h e Invention . , . 

■ rrr—r — : TT- :> ^ . f/t.K / 'f J- * 

This invention relates generally to acyl 
derivatives of cytidine and uridine and to the use of those 

derivatives to deliver exogenous ribonucleosides to animal 

. : -.c • . ; . 1 ' *r ■ ' t -J ^* ^ .4 

tissue. More specifically, thiis invention relates to the 

acyl derivatives of cytidine and uridine, and the uses of 

those novel derivatives to deliver these ribonucleosides to 

animal tissue and thereby to support cellular metabolic 

functions. Even more specifically, this invention relates 

to the use of the novel acyl derivatives to treat or prevent 

a variety of physiological and pathological conditions, 

including treatment of liver disease or damage, 

cerebrovascular disorders, respiratory distress syndromes, 

.cardiac damage, and other clinical conditions . 

Background of The Invention . 

There are many physiological and pathological 

.conditions of animal tissue where' the supply of exogenous 

ribonucleosides may have useful therapeutic applications. 

In a number of physiological and pathological conditions, 

'C'v: y'^i ■■r,. I . f »:-\:i-,»> ^i • • r-*..:f : • 

, the, administration to an animal of RNA, nucleotides, or 

r U;'^i-:- ir^)'^ f.X'^':> ku^ • : ^ ' 

individual or mixtures of nucleosides, has been shown to 

^ improve the natural^ repair processes of the affected cells. 

There are many important metabolic reactions that 

are usually functionally subsaturated and limited by 

availability of either substrates or cof actors. Such 

• .^'/iv^M ' f : r 'a • -r n.: ' r--r " \ ' 
rate-limiting compounds may be either nutritionally 

. • ; ■ ■ ■ , - ^ •. • ■ I • :■ ! " • 

essential or synthesized de novo in the body. Under 

conditions of tissue trauma^, infection or adaptation to 

physiological demand, particularly when cellular repair or 

regeneration processes are activated, the optimum 

nutritional, biochemical,' or hormonal environment for 
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promoting such repair may be quite different from the 
requirements for normal' cell and tissue function. In such 
cases, therapeutic benefit may be derived by providing . . 
appropriate conditionally essential nutrients ^ such as 
ribonucleosides or metabolites which may be required in 
quantities not usually available from a normal die ti ' The 
therapeutic potential for this strategy of directly 
supporting the metabolic function of damaged- or diseased 
tissues has not been realized in contemporary medical* 
practice. 

At the cellular level of organization, there are 
specific metabolic responses to trauma that are involved, in 
a variety . of tissues, in the processes' of tissue Vepair, . 
regeneration, or adaptation to altered functional demand. 
Most processes of tissue, damage and repair are aiccompanied 
by a substantial increase in' the activity of'*the" hexose 

monophosphate pathway of glucose metabolism. 

• ^ - . t. v^u:? :.,.T L r*: ; pOr^i>i y ^ • J- -"^ li^ -- / • 

The hexose monophosphate pathway is the route of 

formation for the pentose sugars (e^g., ribose) which are 

*■ ' ^ , i. -^^t xsi>':;o a f.. . "1 ir-^ w " 

necessary for nucleotide and nucleic acid synthesis. The 

availability of ribose is rate limiting ^or nuclieotide 

synthesis under most physiological or pathological 

conditions. Rapid production of nucleotides for the 

synthesis of nucleic acids and nucleotide-derived cofactors 

*• ' ■ / . ' r'i / .L u \ - \ \* , : :: . • > : 1- 1 •,: ■ { ' 

(such as. cy.tidine di-phosphocholine (CDP choline) or uridine 

di-phosphoglucose (UDPG) ) is essential for the processes of. 

tissue repair and cellular proliferation. Even though 

nucleotides are synthesized de novo from simpler nutrients, 

so that there is not an absolute dietary requirement for 

direct nucleotide precursors/ many tissues may not have 

1- i I. ; ii'^ • .\.7 '"1..: A:: .1" V 1- vi-.'.ci ^ . ./n :i i v 

optimal capacity for nucleotide synthesis particularly 

during tissue repair, or cellular proliferation. 

It is. possible to bypass the limited capacity of 

the hexose monophosphate' pathway by providing preformed 

ribonucleosides diriectly to tissues where they are 

incorporated in the nucleotide pools via the salvage" 

pathways of nucleotide synthesis. . It iis also possible that 
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'pyriinTdine ribonucl exert/therapeutxc*' influences 

*\hrough'"^mec^ unr e'fateci ^to ''the'^suppor£ -of "nucleotide 



biosynthesis. ./ 
. L. : -^:{ .>d c^'^e' ef fects'^of ''tlie*^^^^ 'pyrimidine 
nucieosideslr*'' and in '^particular; uriiiine and cytidine, • on a 
variety of physiological :and pathological ^cohditiions in 
'*expVrimentai^ animafs/'-iso^^ and to some extent, 

''in humans , ' have 'been '^exte^^ " These are 

'^Wmmkk^ed'^below:^^:^<^V.^^ ■ - 

^(11-^ Heart ^^^- :^.:V:...^^x Un:, . .11 c • . v.'s..: -v-;.-. v ■ . 
■ , n-ui, isolated ^'rat •hearts "subjected 'to low-flow 
ischemia; *reper fusion with uridine ^induced 'restoration of 
myocardial^' ATP levels i total adenine "nucleotide 'content , 
uridine nucleotide ^'levelsV and glycogen content. Ischemia 
was reported to produce '.a 'break^^ phosphate, 
''ATP, ^'uridine nucleotides -and "glycogen, Aussedat, J», 
: Cardiovasd: 'Res. 17":r45-l51 <1'983) : : ' ' : 

;: j^r!^ relatied' 'study/- perfusion of -^isolated rat 

hearts with -'liridine ^resulted In -'a concentration-dependent 
"'elevation" of roybcardial'-^'uracil nucleotide 'content. 
Following 'idw-flow-^ischemiar'^ the ^rate^^*'o of 
''uridinis 'was^ increased' twbfold'J^' A^^ ' J* # et; al. , Mol, 

♦ Ph vs io 1 ^ ' 6 ; 2 4 7 - 2 5 6 ^ ( i 9 8 4 ) ; ^ • i-^^ . • '^^ ; '-'^-'^ ' 

^•^■'•i'-lri-'another'^'study isoprdterehol was 'administered 
.to^^rats which depleted^^cardiac glycogen stores and' reduced 
myocardial UTP^and-^'uDP-glucose levels. Despite' the 
spontaneous restoration of myocardial UTP levels, 
"'^UDP-gluccise^conceritra^ remained "depressed unless uridine 

; or ribbse^ were administered. -''^Prolonged * intravenous infusion 

• -"of ribose '^of uridine '-resulted -in a ^restoration ' of myocardial 
"' glycogen'."? Thus,' there may be *^ compartment ation of uridine 

nucleotides in 'the'heart/' with the* pools being fed 
- differentially 'by- the salvage ^ or de novo pathways of 
' pyrimidine'synthesis." Aussedat, J. , et al.,* J. Phvsiol > 

'78:331--336' (1982) . v^-- ' ' • 

The eff ects ^of ' nucleosides on acute left 

ventricular*' failure/in^-,isolated dog heart was studied by 
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. Buckley, N.M, , et al., Circ. Res .7:847-667 . (1959) , Left 
ventricular failure was induced .in isolated dog , hearts by 

increasing aorta pressure. In this model, guanosine, 

■ * . ' » - * » ^ • .. ■ • • 

inosine, uridine and .thymidine .were, found -to be positive 
inotropic agents/ .while cytidine . and adenosine ^were ; 
. negatively inotropic.; . Co:>ip^ ^ - ^ ^^^^ 

^ Sodium uridine .monophosphate (UMP) and potassium 
orotate were found .to, increase . the animal'.^s resistance to 
subsequent adrenaline-induced myocardi al;„ necrosis . . . These 
compounds reduced mortality and , improved myocardial function 
. as .assessed by ECG^readings/, biochemical findings, and 

..^^^^'tr-weigl^t. ; Intravenous; ^^^^ of UMP 

■ exerted a. more pronounced .prophylactic effect -than .did 
J .potassium orotate;,^ Kuznetsova, .X. V. , >et al. , : • 

> i Farmakol.-Toksikol . 2; 170-173 . tl98n^. .. . p.. 

; , In a study on . the effects, of, hypox^^ isolated 

rabbit hearts, myocardial performance declined , while glucose 
i uptake with glycolysis, glycogeholysis and^bre 

adenine nucleotides were reportedly ...increased., . r 

Administration of ...uridine increased^myocardial : performance , 

glucose ^uptake and . glycolysis .^andj. also di 

■ : <iisappearance; of glycogen ^■and^;radenine..^ 

hypoxic hearts. Uridine also increased - glucose -.u^^ 
. glycolysis,; levels, of. ATP and glycogen, as jweFi*!*^¥s^^^^^ 
. myocardial performance injpropranolol-treated hearts . 
Kypson, J . , et al.,, J. Mol. Cell. Cardiol. 10 ;545-565 . 

(1978).. . . . r . . V _ ^ ■ . ..... 

: .r.n.v " ..^^^^.r st^dy^-of ^py from 

. .,exogenous..Ci';tidinef.in^the isolat heart myocardial 

: ..^cytosine^. nucleotide ^ levels -lyer^^ by a; 

30 minute supply ^qf .;^cytidin^^^ Wost.^^of v the cy;tidine>/a 
recovered as part^.of ^cytosine ^nucleotides, and 
nucleotides. Very r,littiepOf rthexcytidine j that -was-taken up 
was converted into uridine nucleotides. .^These results 
suggest that the uptake of cytidine^ can play,: anv important 
part fin niyocardial^cytosiner.nucleotidepmetabolisin. Lortet, 
v.! S. , ret ;.al..,>: Basic Res.^Cardiol. nBl .v303-31Q^/(1986) ' 
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>r:^n^:^^ o^: tnUo^K l^^^Sh^B^^^^^V^rtm^ V^s produced 

. rby..repeated, briefs ligations^ofyther^ascending. aorta. ; 
Intravenousr administration. .of :;mixture of -uridine and 
Z inosine. rafter the. fifth such ligatiori temporarily stopped 
the development of ^f^^ .-r .Pretreatment 

with an.*uhdisclosed?amount of ..uridine prevented .the decrease 
^ in maximal pressure, upon . aortic ligation that is observed 2 
hours .after .aortic^stenosis . Meerson, F.C., In: Tr. 
Vseross. S'ezda TsrV / MyasniXov, A.L. (ed. ) Meditsina 
(publisher Moscow, ,p, - 2.7-32 ^,(1,966) . ; t:..'. 

. , ^ ,',Mn another study, ..the rUse,, of glucose, and uridine 
to control contractability , and . extensibility-^ disturbances in 
: the /non-i schematized compartmentSniof tthe he.art- after. 
' r* *myoc^^ infarction were studied.j.^t^The deficits v in ; 

, . contract ability, and :.extensibility^were reported to be due to 
sustained . sj^mpathe.tic :n^^ ^^The adddition of 

. iglucese.br .uridine . in , vitro restored contractability and 
. extensibility, of the -isolated' atrial tissue. ' Meerson, , 
et al. Kardioloqiya 25 ;91-93\ (1985) . . : i , . : , 

^ ,\: Despite, the. above :x:esults which were observed in 
isolated hee^rt s,.or . in , situ organ preparations^ . the / 
adr.inistr.ation of uridine , to intact (i. e, alive and., 
^free-running) animals has, not been, demonstrated to be^ 
benef icial./ Thus,... while Eliseey, Y.V, , et- al . ^ Khim-Farm. 
Zh^ 12:694-696 . ( 1 98 5 ) j.,^(CA, 103 : 826p3k) ; discl^^ that 
' uridine-5' -monophosphate- has. a protective ; effect on rats 
with adrenaline-indjaced myocardial uridine was 

found to be relatively ineffective • Moreover, V.'illiams, 
j;f,^ et al,, Aust. N,2, J. Med> 6;Supp> 2, 60-71 {I976), 
disclose that with ,rats^ developing.^ hypertrophy of » the heart, 
there was no difference between rats which .were , treated with 
uridine compared with, controls, Thus , except . for rats which 
received continuous infusion of ^uridine (Aussedat et al. , 
supra ) , no benexicial . effect on pathology related to the 
heart has been dem.onstrated with uridine administration. 
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(2) Muscles 

Exposure to -uridine Has also been found to enhance 
glucose uptake and glycogen synthesis in isolated skeletal 
and cardiac muscle, Kypson;; J. , et al. , Bioeh. Pharmacol. 
2^:1585-1591 (1977) .: Uridine and inosine . were- found to 
stimulate glucose uptake in isolated rat diaphragm muscle. 
However, only uridine i'ncreasea glycogen synthesis Both 
nucleosides" inhibiteid lipolysis ?in^ kdipose tis~siieV^ Kypson. 
J. V. et ■ al - J . Phi^nrir'-Exp; - Tlier 199 ^SSS-S?! -^1 l'976V?' 
■ ( 3 J • Liver . ' ' • • - •. . >: o-'-'- ■' ' ' > . : . 'l t. ' : : :' 

Administration of xytidine and urfdine has also 
been reported to be effective" in enliancing W regeneration 
of the- liver in fats'\acu€ely poisoned with carbon'-, 
tetrachloride. BushroaV-'M'.-I. et alf, Buil^.^ -Exp ; ' Biol . Med . 
88_: 1480-1483 (1980) ^i'"'- 'V . ■>i. ' ti^!. .;,; ; 

There have been a nunaser 6^ to " 

the therapeutic administf ation ' oiE 'nucledtides'^arid -RNA . The 
beneficial effects-of'-Rl-CA or .nucleotides "'a're .•probilaly-' due to. 
their being broken dWn' to individual -riW 
phosphatases. For VxaWple,- 'injeWi^^^^ 

from the 'rat liver-^irito mice 'during chronic poisoning with 
CCl^ reduced ;•• the mortaTi|ty' among ^the^ animalsV ^"' Morebver/ the 
number ' of foci o'f' necrosis" we re\'rWduced arid^^ 
interlobular- conhecl-ive'tissue^"^ ^he* li'ver were 

increased. ■ An increasVlV- -the; -mitotic activity of the liver, 
cells was ' also obsierved.' ' •Cher nukh;i^ A.M. /' W ar.'v Bull. Exp. 
Biol. Med: 70 ; 1112-1114 (1970) '.' ' - .. - ' i . i . .. 

Administration of 'rnA, mixed nucleotides/ or 
hydrocortisone, either aione or in various comisinations , was 
found to increase ' tyrosine-a'lpha-ketoglutarate' activity in 
rat liver. ' Admiriistraiibn of RNA or nucleotides elevated 
enzymatic activity beyond -the . level' attained kfter 
hydrocortisone administration aloneV The authors 'speculated 
that the RKA or nucleotides may act via two" mechanisms: 
first, a nohspecijEic''stress eff4ct;"mediated 'through- 
^s^iihulatibn^-^of •adifeHkl.':'^ 'o'r'l^^e^^diF/.-throuch 
provision of .limiting substrate's foi: RNA synthesis. ; 
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rjj, ^^Diamondstone , -^T^ I . ,'^etfral,./g. Biochiin>^ :Biophys, Acta 
^:^583-^587 v(1962)^ . . ^In^^a 

hepatic, cirrhosis , J adininis of cytidine ^and. uridine 

improved insulint.sensitivity^.in the cirrh but 
hadj no.^ef fe.ct on! insulin ..sensitivity, i patients, without 
liver disease. - Ehrlichr^H. r ret al.. Metabolism 11; 46-55 

.c^ooJ 5:>j£i^O0?^i^-studx:3f ^r^^ ^trauma, in., 

i^ r^f the vliverV'^a4rapid,sHSUstained^;^increase,:inr.RNA-cqnten^^^^ 
-cells at.^the. bordeXpOf ^ 

^.observed A. DNA concentrations in^ the, :traumati2e^^ JS5,^.^ jbegan 

C 9^3^^^^ii'^^^?5n^^.y.:4^f ^.^^^^^^^ rise 

till the ioth day. . The diabetic rat liver, in contrast, 

showed poor RNA and DNA contents <i -:.!rlncreases lin . the tissue 

content^pf ;-RNA. and DNA,iaround,^the j.traiiinatized site were 

delayed .^and .^Strongly, deg to i nqndiabetic 

. livers.; ;. -The .failure -of ^2i^ which j gives rise to 

poor- jwoundj healing ,^^in .jth was attributed to 

deficient, activity ^Qf y the hexose -monophosphate, pathway of 
glucose^inetabolism,3a^^ l^diabetics. Shah, R. V* , et 

al. ,., J, Anim. Morphol, Physiol, 25 ;.193-200 .■(1978) ; Shah, 
R.y. , et ^.al. , j: Anim. Morphol. Physiol. 21^:132-139 (1974) . 

. . .,ln another,, study, the availability . of UDPG was 
found to be rate-limiting for hepatic glycogen synthesis 
under some conditions. When cultured hepatocytes were 

.incubated with uridine, .there was an increase in the 
incorporation of glucose into glycogen and . tissue uridine 
nucleotide .pools were .expanded. . When uridine was omitted 
from .the incubation mixture , leve.ls of UTP and UDPG dropped 
mar)cedly, during .a 1 .hour .incubation. Songu, E., et al.. 
Metabolism 3£- ^^^"^^22 . (1981 ) . .- In a study of patients with 
alcoholic hepatitis,, a beneficia.l effect of 

uridine-diphosphoglucpse, -when administered, intramuscularly 
or.^intrayenbusly , was. found in biochemical • indices as well 
.as .physiological .an.d psychological .symptoms.. Thus 
pyrimidine nucleosides^are . effective in treatment of some 
forms of pathology of the liver. 



(4) Diabetes 

Nucleosides, afevalso useful for. the - treatment of 
diabetes. In experimental diabetes, RNA- synthesis is 
reduced in a numbear of tissues. Administration of oral 
sodiuiTi ribonucleate was found to increase ' the rate of RNA 
biosynthesis in tissues of diabetic rats . ^ " Genhanyuk, Y.L. , 
et ai;.., Farmakol.: Toksikol,- -50-52 - (1979 ) : "This'effect is 
probably a result of hydrolysis of the administered RKA to 
give^individual ribonucleotides -an<i> or ribonucleosides. 
The 'failure 'of RNA -syhtKesis 'in^^ iivef has 

been attributed ^ to '^'^he deficient-activity of ^th^* hexose 
monophosphate pathway of gliJc6se%etabolisrn in diabetes. 
Shah/ R.Vi'/ - et a 1 r / ' J ' Anxm ^ 'Mof pho 1 : ^ Phy s i o 1 ? 25:193-200 

(5) Phospholipid Biosynthesis ''''''' " ^ ' ^ 

Cytidine nucle'otides; have been impii'cated in 
phospholipid biosynthesis: ''For example , Trovarelli, G. , et 
al. r Neurochemical -Research - 9 ; 73-79 M1984) / disclose that 
upon the intraventricular administration of cytidine into 
the brain of rats'; ^a.^ mea'surable ^increase 'iiri/ tJie • ' ^ • ^' 
concentrations of'- ail the ••nucleotides; 

CDP-ethanolamine, ' arid ;*CMFi'o ecu rred^^^^^^ that 
tHe low* cdricentratidi^^of 

nervous tissue iXkVly^'^^^ of "phospholipid 

biosynthesiyj-"-; * S 1^'^-^^^^ ;::Cf:?f v?n.t^ iritj:!*-^. -.g!! ^^io:^ bau.^l '< 

{6}'' BraiK^'^^''-'"^ '^^ n^is*-:^/ , no j:-.;r aoo ' <^ma-d ^tr^^bncr 

■ ' AdminiWtr^iori' 6f -c^^ 

ieen' re^pofted to f^'^Vf fectxv^ iii^tlie '^treatment^ 
niaurolbgical'' conditions 'in' ^ animal s\'^^^''^^^ 'ei?amp^e^^^'Dwived^ et 

Tox i col . App r. ' P ha rma CO 1 -' 31 ; 4 5' 2 ' ( 1 9 Vs ) ^ d i s c 1 b^s e ' t h a t 
uridine , administere'd 'by ' intrapef itbneal injection, in mice, . 
is an effective anticonvulsant; - providing '^strong protection 
against experimentally-induced seizures . 

Geiger et al., • J J'Neurochem 1_:93 *(1956) disclose 
that the functional condition of circulatidn-isblated cat 
brains perfused with Wsh'ed 'fe'o^^^^^ in 
physiolog/icar- saliriW^-iir^mkl^ ^l:^''^^H^'hoMr . 
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■^'•^ If either^the animal' s i\ver included in ; the* perfusion 

circuit,* or^cytidine and uridine 'were added to the 
perfusate /'the functional condition of the brain remained 
good^ for at ^least 4^' to 5 hours! '" The cytidine and uridine 
tended^^'to norroalize^'cerebral * carbohydrate and phospholipid 
' metabolisin.' The authors suggest 'that the brain is dependent 
upon a steady supply 'of cytidine and uridine ^* whlich are. 
perhaps normally supplied by the liver. 

'Sepe, Minerva Medica 61 ; 5934 (1970), disclose the 
effect of daily intramuscular^injections of cytidine and 
uridine in neurological patients > most suffering from 
cerebrovascular- disorders^* Beneficial resul were 
■ obtained/ particularly with^* respect'' to restoration of motor 
'^fuiictionV '^a^nd in improving re^cTo after' cranial trauma. . 
-No undesirable side 'effects w^^^ * 

' ■ - 'Jann et alV. Minerva Medica 60:2092' (1969) 
disclose 'a "^study of 'patients with ^a variety of neurological 
disorders "which were* treated' daily' with intramuscular 
injections of cytidiW'and uridineV* Beneficial effects were 
observed^ "particularly in cerebrovascular disorders 
involving 'motor function 'and mental' efficiency. . No 
undesirable side effects were observed. 

Monticone' et al. ', Minerva Medica ^ 57 ; 434S (1966), 
'dis'close;a study of 'patients with a variety' of 
'encephalopathies which were treated with daily intramuscular 
injections of cytidine and 'uridine. Beneficial effects were 
found in* most patients / particularly those with 
cerebrovascular disorders or multiple' sclerosis. No 
'undesirable side effects were observed. 

One method that has heretofore been used,, in 
effect, to introduce cytidine equivalents into patients is 
the administration of cytidine-diphosphocholine 
(CDP-choline) . Cytidine-diphosphocholine , an intermediate 
*in the biosynthesis'bf-phosphatidyi choline (lecithin) is 
used therapeutically in Europe and Japan (under such names 
• as Somazina, Nicholin', and Citicholine) for treating a 
variety of disorders J Therapeutic efficacy* has been 
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documented in central nervous/ system pathologies, ^.including - 
brain edema , cranial trauma, cerebral ischemia, chronic 
cerebrovascular diseases and Parkinson • s' disease. .The 
mechanism underlying the pharmacological actions of this 
compound is believed to involve support of phospholipid 
synthesis, restoration of the biochemical "energy charge" of 
the brain, or a possible effect on neurotransmitter 
(particularly dopamine) /function. 

Examination of the fate of CDP-choline following 
its administration .to animals , or humans indicates .that this 
compound is very rapidly degraded,, yielding cytidine, 
choline, .and phosphate. After oral^ administration, no 
intact CDP-choline enters the circulation,, although plasma 
cytidine ^and choline. , concentrations rise. After, intravenous 
injection, breakdown^^to ■ cytijdine, and^. choline . occurs, wxrhin 
abour 30 seconds* .Therefore, ^t to attribuue; 

the therapeutic effects of exogenous" CDP-choline to , the 
entry , of this compound jdirec.tly into .cellular metabolism. 

^ Therapeutic .benefits, in .cerebral ^^p 
similar to^ those obtained^,with.^.^^ been ., 

achieved .following^ administration, of,, cytidine and uridine to 
humans and experimental .animals, Therefore ^, CDPr-choiine 
. appears to serve merely as, an .inefficient , expensive 

"prodrug" for cytidine^^use of which, perhaps ihinaers rather 
. . than enhances^ the transport of cytidine to^tairgetV. tissues , . 
. , :// "n^pa^red to administr 

Administration of ^ choline, byj , itself 'does not,. result .i -chc 
therapeutic^ bene f i ts j pbtained^ ^a f ter^,admini^^^ either 
cytidine or _ CD?-c:holinfe i:^/ J^^ to 

^®.^'^?-PP. that 
are less expensive and/or morej^ef f icient jthari administration 
of CDP-cholihe or cytidine^itself. , : _ ..;....^;<J3 

... Uridine-diphosphoglucose,; s . i- ^^^^ - r; 
uridine-diphosphoglucurpnic acid,|: and uridine, diphosphate 
, . , also have., been shown tO; improve certain aspect Sj. of .liver 
function,, ^ I^Ai^^® ;..S:Uch;^,ph^^^ as 
CDP-choline, ,,»mustj in general-^lbe they 
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will^'enter^tellsV admi'niVtrWibh-^ 
• of ' uridineV' "shbuld represent substantial ■ improvement , in 
terms of both' efficiency and' cost / over the'^use of the 
phosphorylated pyrimidine derivatives.' 
" (7) ' - IninunolccTical System '*' * ' *' * * ' 

' i*}^:) cytidine and* uridine may -also have important ' 
inf luteuces'on;^ the function of the*^ immune 'system, kochergina 
et al-.^ainununologiya-0(5)^s^ 1986) disclose that • 

'V^ / admini ^ration of either cytidine-5 ' --monophosphate or 

uridine-5 * -monophosphate"^ to" mice simultaneously with an 
■ antigen'^ (sheep 'red'blood'^* cells) ^'results in a^strong ^ 
•.enhantemient^^" (relative^ treated 
' - with only- the^' antigen') ^bf ^the^^humo^ to a 

■ subsequent '^challenge'^with^'the^^antigen. Enhanced* 

responsiveness of T-helper lymphocytes was reported to . 
Underlie-^ this phenomenon;- Thus*, "cytidine^ or uridine may be 
useful as-'adjuncts to improve ^the' efficacy :of vaccines, to 
improve the 'responsiveness of ^ the immunce system in an 
imirunccomproroised parient , f or • zc^'r.odify immune response in 
experimental animal's . ' Van Huren' et ' al . , (Transplantation 
402694-697n3Pt5) ) .dxsclosfc'uuhiiT: -dietary nucleotides are 
necessary -^f or normal T- lymphocyte function; they did not, 
however, . evaluate the influence of supra-normal amounts of 
dietary, or ' parenterally administered nucleotides or 
nucleosides'. " ■ ■ .' .• ^ •• ' y ^ i ■ • • ' 

i' J i' c-^ ln -^ vivo , • exogenoias 'uridine itself is catabolized 
to- a large -extent, "father'^'^than^^ta and -utilized for 

nucleotide synthesis. Gasser, T. , et al», Scifcncfe ^ 
213 : 777-7 7 6. 1981) /:^disclose'!:.that the isolated, perfused rat 
liver degrades more -than 90% of infused uridine in a single 
passage. Much of the uridine released by the liver in the 
portal vein is from degradation of liver nucleotides 
synthesized de novo rather than from arterial uridine. This 
accounts . tor *the poor utilization of administered uridine in 
.peripheral " tissues.*'-" . * i ; * . 

' .For example, Klubes , P . / et al . , Cancer Chemother. 
Pharmacol . 17:236-240 (1986), disclose that after oral 
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administration of 350 . (mg/kg of. uridine in mice, .plasma 
levels of uridine were not perturbed. In contrast, plasna 
levels of uracil, a catabolite of uridine ,-,peaked at 50 
micro then declined and returned to normal after 4 h. 
Elevation of plasma uridine levels was observed only after 
oral administration of high doses of uridine (3500 mg/kgj . 
However, such doses would be much . too high for an, adult 
human since they would amount to about 200 g/dose. 

A novel strategy for improving the bioavailability 
of cytidine or .uridinb after,. oral or parenteral .. 
administration is to administei: derivatives of cytidine or 
uridine containing particular. substituents which improve the 
pharmacokinetic or other, pharmaceutical properties (e.g., 
transport across biological..,roembranes) of these.. nucleosides.. 
Properly chosen substituents, .of f which acyl.substituents are 
best), will undergo enzymatic or ^chemical, conversion j back 
,. into cytidine , or ..uridine-i.followingi-_,admihistrationi,,., • 

; .Cert^ derivatives 
aj^e known,;,.per .se;. j.Honjo,:,et. al. ,^in Britdsh.v Patent,, rh 
; .No... 1,29,-7,398, de scribe. vN 1, O^/:, Q-^ -.ofc-tetraa^^^^ 
r.and ^^a tE*'9cess.,-f or^their jprep^^ I The* acyl^ substit.uent s ' .'• 

. are those., derived ^frbrnj-fattygacids having fror.vthree-:, to 
. 6ightefen_ carbon atoms.:. C^'..- • .•-;!..• : 

ber anek ,. e t - al . , . Collection Czechslovah Cher.. 
Co^^-^r:. (vol. 42, 1977) , .p. 366-369, de&crxhii.^thco^Lo-,.'a 
n.,„P.i:epara^t ion (3f .,2 y,%3 ^i^S^^tr.i-^^O-aceitylcy tj.d^ . :■■ 

/roih cytidine , by - reactionfi^wxt^^ 

acid. . ., -. ■ ■ .•• ' . ■" . . .' • .■ 

.V.;;- • i \:' ... . • . ^ .c. i» r-a-vp «>f>x:i-o ■.■.•Mi.:rt 

I SasakL , et . al . Chem/, Pharm. Bull. .; (vol-, v 15 , 
, 1&67}, describe the ace tylation.-:6f 2 cytidine:;with:.acetic 
, anhydride to . f orm N^acetylcytidine , :,5 ' -O-acetylcytidine and 
N ,5 '-0-diacetylcytidine, among .other compounds. ■ • 

U.S. Patent No. 4,022,963 to Deutsch describes 
. .. methodsj.for ^acetylating. all,,of j.the .hydroxyl ^groupsuin . the 
sugar portion, of some nucleosides which ..includeisuridine , by 

: '^.^..?,^fif^:::^?f^-^'^^^ of /excess Ucefic anhydride. . 

:■;.••■» -f. .1.:- ,j.-.rij--:.,.b ifpa^'i.) 0 t'-i i:'' I ; I-.-^t r •■..(.:•■: 
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. rj^v^ '.Samoileva-,t .et^'ar;H,s Bull'. Acad , Sci^r usSR' Div , 
: ■ Chem-> Scr;' »-yQl > * 3b p/l'98rv p'.dilSOS^rBlO ,; disclosed a : method . 
for^ synthesizing:, siminoacyl orx peptidyl- derivatives of 
. a » . cytidine .or^-cytidine^. monophosphate:^ using « insoluble polymeric 
K-hydrdxysuccinimide%^m N^-BOC-alanylr:>. cytidine'^^^^ • 
The- aminoacyl derivatives: of i cytidine - were r synthesized as 
probes for studying the function' of -nucleases.^ ^ 
: .j;;:va..' Japanese Patent Publications Nos. * 51019779 and' 
. .81035196 -assigned -torAsahi Chemical Ind. i KK - describe methods 
for preparing N -acyl-cytidines by'^reacting cytidine with 
acid anhydrides derived. rfrom- fatty 'acids containing 5 to 46 
/ ' carbon^ atoms. The products are saidi to be lipophilic 
ultra-^violet: absorbing agents;i and are' also useful as 
startingf compounds ;in .ttheL preparation i of i anti-tumor ' agents. 

Watanabe ^i fct al', » ' Angew.-r chem. r Vol - 78, 1586, p. 
585: describe methods; for ;.selective{acylation 'cf the N^-ardno 
group), of -;cytidine wherein methanol J is? used as a solvent and 
acidvanhydride as; acylating.: agent . ir Compounds prepared were 
. K.^-acetylT-,v>*^-ben2oyl-> ..and N^-^ 

Kees^ et:.alV^. Tetrahedron. Letters /^ Vol 23 , 1965, 
; p.; 2459-2465. discloseTmethodsrf or selective ^acylation of the 
' !2 - position', on the"^ ribpse moiety/ of . ribonucleosides • i 

Uridine derivatives, were prepared including ! * 

t I. • • 

2 -0-acetyluridine,: 2' -O-benzyluridine, and 

2 ,5 -di-O-acetyluridine and other : derivatives, :;^>The « 

compound severe prepared::(as.i intermediates; in nT 

oligo-r.ibonucleotide isynthesis.rTf.r^ ; ' V '''^^^^ • ' 

Objects^ of The Invention x:.^% Lru tjr- t ^■s,': : I ' . ' 

.t:,.no:» •HT.c.b ? While certaii*;: ac:^ latea cIcrivatives':of uridine and 
cytidine are known and* while : the. studies summarized' above 
demonstrate that the presence of uridine and cytidine is 
important to the amelioration of a variety of physiological 
and pathological conditions .and that methods for enhancing 
the delivery of uridine and cytidine to animal tissue may 
provide an important source of those nucleosides, the art 
has heretofore failed to . provide ' methods for introducing 

r I I / 



uridine and cytidine into animal .tissue at rates 
suf ficiently.;high' to reliably produce -.therapeutic effects. 
It is thus a primary object of this* invention to 
identify pharmaceutical ly acceptable: compounds which can be 
used efficiently to: deliver 'pharmaceutically effective 
aiTiOunts of uridine and/or cytidine or their respective 
derivatives to animal tissue. . • : . 

It is still a further- object of .this invention to 
. .. provide a . family . of uridine andr cytidine ^derivatives which 
'.can be ef f ectively administered/.orally or parenterally and 
which havfe:. no untoward! pharir.aceutical ef f ectsv/M;.; 

•It is still, a further and;, related:. object of this 
invention, to provide , a/familyi, of uridine and cytidine 
. / deriyatives.%which,:4.when.admini35tered to an/.animal%t^ 
,preferablyj:humans;;<;su^^ improves:, the ^ 

. :i -bioavailabilityrof scytidinetandruridin^^ enhanci/ng] 'the 
K transport of those nucleosidesxacross the gastrointestinal 
tract r . the (.blood-braini barrier -VS 'ahd> other:> biological' 
membranes . and. whichv. allow:i sustained? delivery.' o^^^^ 
of,these 'ribonucle6sidys;vto;*^an 
: r ' • : i i yltiJis . still ao further: and^more:rspeci!ti-c? object, of 
this invention ltd ;;pr6vide-:; a: famili^.:^ 

derivatives for: the .treatment'Toft^avvariety/bti'disbr^^ 
including hearty ;niuscle,/plasma7* liver; i: bone ;v diabetic 
neurological i conditions^:yi?; i.jriv '^r^^s-p-.tb- 

These and::otherJobjectS: ofi the invention:>are v 
achieved through the administfationobf ■ noveluacyl cpi J:: 
derivatives of uridine , and cytidine;'^ v.] v^rir --^irco 
» 'M. r;;;^Broadlyv^ithe. acyli^derivktives otijiiridine' comprise ' 

I . compounds r having .ithcuif ormulaX :ii y bnj^, rr^6vJ. '%*-xH sruSxivo' 



. . ; (I) 

Rp ' 



U4 
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- ftK.-'-.c-. rf;- i- "ici .1. .iS/v---' i^^^ ^: ri -:p:i i : V --i-^ - -J ■ 

, wherein;. Rj^, B.^, .R^, },6in& B^'jare.ithe same or different and 
•■ - each/is hydrogen .orvaniacyl iradical of ••a metaboliti.-,' with 
the .»provisoi that at 'least- one of said .R substituents is not 
-hydrogen/ ior.^a phannaceutically acceptaible f salt thereof . 
;tr . rl .v.v' 5cln j:bne enibodiinent',>iacyl 'derivatiyes"" of uridine are 
those; haivingi^the ;formula c (II)uc:;j «r,.h.» '^■j-.' '.■ '■> J * • " i 
. ■ ,)ty^>o. >,:fl ^on 3"; J,:., t*- (ft .r-^v.. . 



wherein Rl , , and R^^'^are i'the = same or different and each is 
hydrogen or an acyl radicalj'of* 

(a) an. unbrancheca\ fatty' acid with 5 to .22 carbon 
. ,: T atoms, 

. (b) an: amino acid selected from the group consisting 
• .;..i».^'xu?:i..of -^glycine, ^Lr forms, "ofv alanine, valine:, ' leucine , 
{'^: . ..v ^^c<i:isoleucine.Vr,.tyrosine:,.' proline, hydroxyproline r 
t : ,/:?n:?5'i. i serine, threonine ,c cystine , > cysteine ,v aspartic 
j ,/. . ] :/ : acid,, glutamics acid, i arginine, lysine , J histidine , 
f/^ ** :r -carnitine, ands ornithine, ci :•: 
. r u -(c) vt a^dicarboxylic Jacid of.:3 tor22 carbon atoms, or 
; . .(dKvj ai csrboxylic;! acid selected /from one- or more of the 
:: .V ' -liy rs-v.^^group consisting?of:glycolic acid; -pyruvic acid, 
3.h:i"Jr.^. \^^>tlactic^acid,.^eriolpyruvicN'acid,: lipoic acid, 
. Vx^v-s Ypantothenic,:.acid, ;,acfetoacetic • acid / 'p-ar.;i nobenzoic 
5^^3acid,;:betahydroxybutyrici,acid, • orotic acid, and 
-/io creatine.!^ ^ r AD 3x:i*^>''5-c.n/::::'. • 
^providud^ that at: ..least^.one jq£nsaid;,substituents :Rj , R2',: and 
R^ is. n9t^ hydrogen, r^and f fur <if any of said 

substituents R^, R^* and R^ is hydrogen and if said 
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remaining substituents are acyl radicals of a straight chain 
fatty acid, then, said straight chain fatty acid has 8 to 22 
carbon atoms, or a pharmaceutically acceptable salt thereof. 
In particular, preferred dicarboxylic acids include 
succinic, fumaric, ; and adipic 'acids. =In -another . embodiment , 
the objects ^of the rinvention Harei-also achieved with acyl 
derivatives of uridine comprisirig. compoundsThavingcthe 
formula (I) above wherein is not hydrogen. 

The objects of the invention are also achieved by 
administration of acyi . derivatives of cytidine comprising .. 
compounds having the fdrmula (111) . 



.'. If.:., .i ;.r«.. :t.M^pf*- ij- .to .hat-Ae. hfe?'s-x^$^K '-.hcikl , ,<£ ni^-ae/K/ 
i'jdxc-u r^^' dtiif f>ir/i 

. '. . . • ■• ■r^^r^'-i' ■ • (III) 

■ .L'tu. ■■ ■ } moi.'.'; {s9J-tj<v£s)-i £)i C. ',>.•,/; ^ r.e' {d! ■ ' ' •• 
, .•...wherein, R^,; , R^ , Ry^r. and R^s.'arei the. -same: orSdif ferent and 
? ••ch:iis.>yfirogen:t.ori an-ja'cyiixadl:calo»of>'jB t itfte-t*bolite;. with 
the/proviso.: that^at .ieastionei.bf.-Ksaid R' substituents is not 
hydrogen,:. or 1^ a pharmaceutibailyo acceptable!! salt thereof . 

Preferably, lithe^ cytidine . derivatives are those 
. having iformula (iii) whereihl- theiRv subs titiients'. "are the same 
.. or different:,and:each,;isx,hyd"r6genobWar/iacyli/ra<aical derived 
. from ::a..carbo>tylicjacid /selectedi f rbm^bnejor^ more of the 

group .. consisting.. of..glycolicCacid,'^;pyruvic3atid, lactic . 
acid, enolpyruvic'.acid, anvaminoracid, ;a fatty acid of 2 to 
22 carbon atoms, a. dicarboxylic" acid i lipoic acid, 
pantothenic acid, acetoacetic acid, p-aminobenzoic acid, 
. betahydroxybutyric..acid;^:o^otic-acid;'^and creatine; - or i a 
pharmaceutically acceptable^fsait-'thereof . ^'^Pref efr^d^ ' 
■•■„ -It.-i... 'ivno.iovr. ,: .[ y.'i. .inn ■ ^ , »:-->i.r-J'.v -J .v.v 
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; ..-,,dicaxbi?xyAiC:i ^cids^; incl^ and^ adipic 

r ^ '^ri. - iThe invention » also includes, pharmaceutical . 
. compos itipns^j>tf^ I 
: :acyla,tedT.ribonucleo^sides describedj above together with a 
pharroaceutically acceptable carrier . These; compositions may 
;take the form: of tablets, dragees, injectable solutions and 
other: .forms. -^i ,f %,vj;r cc.>:') r.^: • • • 

-.compositions^.of :.,the finyentipn^-^are,c^ compr.isii^9 certain 

I kncwn acy.l ^derivatives |. of uridine .to^ Vith .a; . 

p}:armaceutically acceptable carrier i Such^ compositions 

include an acyl derivative of uridine having the . xonr.ula (I) 
. .or (IJ)^ vitli;. subsrituents. Rj^^,. R2# defined 

;aboye,,^pr;. ^a pharmaceutically lacceptable salt thereof.. 

Preferred , acyl derivatives of . uridine , include ^ . ' 

2 • , 3| , 5 ! -tri-O-acetyl uridine,. 2 ' , 3 ' ,5 '-tri-O-propionyl 

uridine, or 2 " , 3 ' , 5 * -tri-O-butyryl uridine/ 
. . - ... Yhe invention also^ includes pharmaceutical 

pompoms it ion^^^^^ of cytidine . 

.together, with, pharmaceutical! 

acylj derivatives include those having the formula .{III) with 
substituents; R- , K. , . R« , and.. . as. described above, or , a 
phcirm£iceutically. acceptable salt thereof Preferred acyl 
dtriv.atives- of cy tidine^; include 2 V, 3 r, 5 ' -tri-Oracety 1 
cytidinfc,^-iV,3' ,5 V-tri.^^^ or. . ; . 

• ^,v2Vj3^,5;;rtri::C-bl^^ Cirti^O^,. "^^j. ^ . ^ , ^ . . • i. 

: 5::?;5i /:Ni. .IJv^^? b?en,^pund;^^t^ 
. ; - ,,;iridine- or, cytidinc.,,to. anijiiai/tissue ,ca;. Le auv»j.:i'Luccous-iy 
accomplished , by administering , to.., the..;animal,, an ^ effective 
amount of one or more of the, acyl , derivatives described 
above. It has further been found that physiological or 
pathological conditions of,, animal tissue, may. be 
advantageously icreated, by supporting metabolic functions 
thereof by .increasing the bioavailability of uridine or 



Wd 89/03M7 , ...g^^^^^ ' O 



- .18 - 

cytidine to that tissue by administering to an animal an 
effective amount of' 'an- abyl derivarive as^ described above. 

The invention contemplates the use of these acyl 
derivatives* for treaiting^ a variety of physiological and 
pathological conditions ^ 'including 'treatment of cardiac 
insufficiency and- myocardial infarctioh> treatment of liver 
disease or - deunage, muscle performance, treatmiant of -lung 
disorders/ diabetes^ central* nervous/ system disorders such 
as cerebrovascular disorders, Parkinson's disease, and 
senile dementias. The* compound s'^of - the invention improve 
the bioavailability of cytidine and uridine- by enhancing the 
transport of these nucleosides' across the gas'trointtectxnal 
tract and other biological* membranes> and prevent their 
premature degradation.^'"' ' 'i-^ r ; » ^ 

These advantageous: uses of the acyl derivatives cf 
the invention are effected by administering compositions , as 
described above , of - an- effective' amount" of ^ bne^-6r more of 
these acyl^' derivatives and' a'^^ 

'carrier. - " • " ■ ■ ^' '" 'j;'- : 

Administration of ' the acyl derivatives of cytidine 
and uridine offer certain advantages over^ admiriistrfi'tion of 
the underivatized compounds, ' The acyl substituehts can be 
selected to increase the iipophilicity of 'the' nucleoside, 
thus improving its transport from the .gastrdint'estinkl tract 
into the bloodstream;' The' acylated" derivatives' *ar^ 
effective^ when administered" orkli^ to.- 
catabolism by ^ huci'e6sfae':<aealn^^^^ nucYeosi^de' - "V"^' 

phosphorylases in the irire^tiT^P, - 4lVeri^ othWr- org aVIs^^^ 'ana ' 

• ' the ;bloods^eam/ ^'Tl^ 

; derivativfei of ^the oin^ 

allows^ sustained ' delivd^ 'ot^'high^^iW^^ 

. fibohucleosicJes- to'%h ^nrjon/ . 

: • - > i.p--' r a vi ( r; DESCRI FT i ON 'OT' THE" T I GURES ^ .^fv . ^f^'^^^'i'* 

-'- Figure this' 'f igure?' *shoWs'^t^^ *basaV-lie^'^ work 

output^'foi^uj^damaged^^(r^d^^ ; 
experilnental^myocaidla only, 
saline) and rats treiated with triacetyluridine (TAU) and 
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triacetylcytidine (TAG) after experxmental myocardial . 

damage. ' . 

Fiqure 2: this figure^ shows^ the basal' left 
ventricular systolic* pressure 'of "control rats ^ . untreated 
rats/ and rats treated with TAU . and TAG after experimental 
inyocardial damage. 

Fiqure 3: this' figure shows the basal maximum 

rate of ventricular contraction of control rats, untreated 

rats, and rats treated with TAU and TAG after experimental 

myocardial damage- * ; , . 

■'^^'•^'^ ".^'■' Figure 4 ; this figure shows the basal maximum 
z - Mr-,., r. « — > .':^*\n" •*.'t - ^ 'i^*. ' 

'VatVof ventricular relaxation of control rats, untreated 

rats, and rats treated with TAU and^^TAC a'f ter\experimental 
myocardial damage. 

Fiqure 5 ; this figure shows the. basal heart rate 
of control rats, untreated rats, and rats treated with TAU 
and TAG after experimental myocardial damage. . 

Figure 6: this figure shows the maximurri heart 

' T — ' ~r " ' r • '• 

work output of control rats, untreated rats, and rats 
treated^ with TAU and TAG and norepinephrine after 
experimental myocardial damage. , ; ^. , . . . , 

' Figure 7; ' . this figure shows, the roaximxim left 
ventricular systolic pressure of control rats, untreated, 
rats/ and rats treated with TAU * and TAG and norepinephrine 
after experimental myocardial damage. 

• " u ; figure 8^; ^" this figure ' shows * t^ maximum rate of 

Ventricular" co^ {maxxmum) of control .rats , untreated 

^^ratsT'and'^ra^^ treated with TAU 'and TAG and norepinephrine 

after experimental myocardial damage. 

Fiqure 9 i this figure shows the 'maximum rate of 

ventricular relaxation (maximum) ^ of control rats, untreated 
^'ratsl** and^ raVs treated ' with TAU^and TAG and. norepinephrine 

^after' experimental myocardial damage. 

Fiqure 10: this figure shows the heart" rate 
' '(maximum') of * control rats; untreated 'rats, and rats treated 

with TAU and TAG and norepinephme after experimental 

my ©cardial damage. 
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_ Figure 11 : "this^ figure^ shnwg plasma^ BSP clearance 
in rats with liver damage irVatea Vith TAC'^'a^^ 
water (control). /"^•*"*** 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Definition of Terms " - . . . . „ . - * 

A "metabolite" is a chemical compound that is 
formed by, or participates in, a metabolic reaction. In the 
context of this application, metabolites refer, in 
particular, to carboxylic acids* known to be synthesized 
^ within the human body, and also narurally occurring (but 

perhaps synthesized rather than, extracted) sub'stituents that 
might be derived from other animal or plan't sources. The 
limiting criteria are that the compound shbxald be 
substantially nontoxic and* bibccmpatible/ and should readily 
enter .into metabolic pathways in . vivo, so' as to ^present 
_ essentially' ho tcxicity ^during iong-term consumption in the. 
doses proposed, 'it* is prefer be 
metabolized rather than excr^e't^^^^ (or conjugated 

through detoxification reactions' as concreVtration of 
c^^faoxyiic acids within th lead ta und^ 

excessive acidityl Thereiore;, carbo^^^^^ norr.tlly 
or easily participate in'intieraediary, cat^ 

anabolic metabolism are preferred substituents . Preferably 
such carboxylic acids are of molecular weight less' than lOCO 
Daltons.,' *' '* ^...^ ^. j. , 



"Pharmaceutically acce'ptaiDle salts" means salt 
with pharmaceutically acceptable' acid addition^ of the 

nucleoside derivatives * of the' invention. . Such' acceptable 
acids include, but are not limited to, sulfuric, 
hydrochloric, or phosphoric acids. 

"Coadministered" means that each of at least two 
acyl nucleoside derivatives are' administered during a time 
frame wherein the rcspective'..periods of ' pha™ 
activity overlap* 



"Acyl derivatives^"- artf'' deri cy.tidine or 

uridine in which a substantially nontox^ organic*aVyl 
substituent derived .from a cafboxylic acid is, attached to 
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onc*^ or more^ of the" free* hydroxy I'groups of the ribpse moiety 
of cyt'idine- or uridine^ witii^'a linkage, :and/br where 

such^ a substituent' is' attached to 'a 'priinary or secondary 
amine in "the' py rimidine ' ring of cy tidine or ' uridine , with an 
amide 'linkage. Such acyl substituents include, but are not 
limited to, "those derived from acetic acid, fatty acids, 
•^aroinb^ acidsvf'lipoi'c acid)' glycolic^'acid, lactic acid, 
enolpyruvic acid, pyrwic' acid, orotic acid/ acetoacetic 
acid, bet a-hydroxybutyric acid, 'creatinic acid, succinic 
acid, tumaric acid/ adipic acid, and p-aminobenzoic acid. 
Preferred acyl substituents are compounds which are norraaily 
present/ in the body ,' either 'as' dierary constituents or as 
inrerrrltidiary -metabolites/ and which 'are essentially nontoxic 
when cleaved 'from the ribbnucieoside in ' vivo > 
i • * "Fatry acids" are aliphatic carboxylic acids 

having 2 - to ^22 carbon' atoms .- - ^Such fatty acids may be 
saturated, partial iy* saturated or polyunsaturated. 

>^ '- "Amino acids'* include, but are not limited to, 

* glycine, 'the L forms 'of alanine; valine, leucine,' 
• isoleucine> ^phenylalanine, tyrosine, proline, 

hydroxyproline , serine /"threonine,* cysteine, ' cystine , 
•methionine, tryptophan/ aspartic acid; glutamic acid, 
arginine, lysine, histidine;-- ornithine, and hydroxy lysine. 
However , the ^invention "'is not so limited, it being within 
the contemplation of the 'invention to include other 
naturally ' occurring -amino acids." , . 

* The lipophilic * acyl derivatives of uridine and 
cytidine -are useful for enhancing the transport of the 

* nucleotides across the gastrointestinal tract in animals. 
Foremost-^among such animals are 'humans . ' However, the 
invention is not intended to' be *so limited, it ' being ■ 

J contemplated that all animals may be treated' with the acyl . 
derivatives *of the' present invention with, attendant . ; 
beneficial effect/-'^--"^ J"-: . • - • 

♦ : ; 7 . :~ Although** -the ' invention is/not bound' by a specific 
mechariiW of action ,''*^'the^ compounds of the' present invention 
appear to effect their beneficial activity by increasing the 
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bioavailability of cytidiriC. and uridine, . and thereby, 
improving tissue regeneration, repair, performance, . 
resistance to damage, and. adaptation to physiological, 
demand. They may .work, as well,. >y . increasing the . ; 
bioavailability of nucleoside aiiabolites , . e.g. , -nucleotides 
or nucleotide-Gcriyed cof actor s\ . Administration of . the 
nucleosides per se increases their bioavailability but, due 
to rapid catabolism, this may. not result in significant 
elevation of nucleotide levels; i.e., one doesn't . 
necessarily get an increase in plasma levels because at 
lower nucleoside levels there is rapid uptake by the cells 
whereas at higher. levels . there, is saturation and the . excess 
is Qegiaaed.. .The invention is believed to work, by , . . 
delivering a sustained, supply . of nucleoside , at lower levels. 

Preferred. acyl 'derivatives of cytidine or uridine 
for enhancing transport . across biological membranes are 
■chose which are more lipophilic than are the parent . 
nucleosides.. In general, , lipophilic , acyl nucleoside 
derivatives, have acyl substituents, which arc,; nonpolar (aside 
from the carboxy late, .group) . , Such, acyl substituents , are 
derived from acids. including, but, not limited. to, acetic 
acid , lipoic acid ,. ;and . fatty , acids .: ... One of ordinary , ski 11 
in the art- can determine .whether a ;particular acyl . j.. 
nucleoside derivatiye is more lipophilic .than the ... ... 

underivatized nucleoside .using . standard, techniques , i.e. , 
comparison of the partition coefficients determined in 
water-octahol mixtures. , Following passage of the acylated 
nucleoside derivative from the gastrointestinal ;.tract into 
• the bloodstream or,. acros smother biological membranes,!. the 
acyl, s.ubstituents are cleayed. by, plasma' and.-tissue. esterases, 
(or amidases)., to give the; free..nucleosides. .:• ..-r.' ji.... i \ 

^a'te- of removal of the acyl substitiaents in 
vivo is a , function of. the., specificity .of plasma .and .tissue 
deacylating enzymes (primarily esterases or amidasesj . Acyl 
substituents. .attached^ to. an,.amine ,group..-in ...the pyrimidine 
ring of. cytidine or ., uridine, ^with.. an ..amide linkage = are , . 
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* cleaved^ moi^^^ *slowr>r 'than" are substituents attached to 
• r-V* * ' ' * " • * • 

hydroxyl groups of ribose with an es,rer linkage. 

*- *' ^ ' *It is also possible *to' prepare, acyl nucleoside 

derivatives which contain polar and nonpolar acyl 

• ' ' ' substituents / The* polar' acyl^ substituent will retard 

-passage of "the nucleoside derivative /from the 

gastroint'estinar tract allowing for a more sustained 

delivery of the compound into the bloodstream after a single 

dose'."^''^Th Bipolar group may be "^cleaved by esterases, . 

amidVses'i^^^ in the intestinal tract to 

' give 'a" nucleoside with "a ^nonpolar acyl substituent which may 

*• ' Shen^'^ef fici "Polar acyl 

\ ' substituents" may be chosen by one of ordinary sKill in tne 

art, withoiit^ undue experimentation, which are cleaved at a 

' ' faster rate • than are nonpolar acyl substituents. / 

* ' .'^^ ^^^!^Ti^e^ a^ to 

ceoradation of the" nucleoside moiety by enzymes in plasn.o 

• ' and non-target tissues/ and are ' also ' less . susceptible to 

elimination 'from the' biood^^ via the kidneys. For 

parenteral injection,^ acyl' dWrivatives with polar acyl 

substituerits, which ' are therefore water soluble yet 

resistant to premature degradation or elimination, may be 

used with advantage. ' 'Preferred acy such 

appiicatiori'inclijde glycolate and 'lactate and those derived 

from air.ino. acids, with polar side chains. 

' - Therapeutic Uses 

Administration of'the acyl derivatives of cytidine 

may be "useful in treating lung disorder s,* including infant 

' '"^-"^'respiratory 'dist (IRDS) , and" in metabolic : 

disorders that'affect pulmonary function. The acyl 

derivatives •• appear to support or enhance phosphplipid 

biosynthesis' and sur the lung. The main 

'component^ 'of * the' surf actani:/.' ph choline, is 

derived*^ from cytidine diphosphocholine . Thus, 

administrVtion of the'acylated form oiE cytidine will support 

or' augment the capacity ' of pneumocytes to ' synthesize 

phospholipids and generate surfactant; The beneficial 
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effects of cytidine acyl derivatives may be enhanced by 
coadministering uridinV.acyi derivatives/ '"^^ Z - 

.in addition, administration of the- acyi derivative 
of cytidine >ay be;'usef ui in treatment^ of ' neural^ disorders. 
The acyi .derivatives' may J eierV^ fheir^acViyVty^'b^^^ 
or maintiiiiing ^ra'in phospholipid' c"^^^ 
after a period of 'cereiral 'hypbxi^^^ 

AdministrairioW of the acyl' deriyative ' ol'^^^^^ also 
be useful in slowing the onset or "pr^^^ 

degenerative disorders Disorders s^ as cerebrovascular 
disorders, Parkinson' s disease^' and' cerebral'a^^ 
been linked ^to phospholipid leyeis'J The ^. acyl, derivatives of. 
uridine may be advantageously 'coaiiini^ acyl 
derivative ' of ' cytidine 'to'"enhance ^ it^ 

• Adroinistration.of the _ acyl derivatives ..of "cytidine 
effective for the treatment of / 
cerebrovascular dementias „a^^ 

.Cerebrovascular ■deinentias"'M^^ I'frkinson • s .disease cause 

gradual , ge'nerally .symmetric'r^re^ 

wasting away^ of the ;^.neurons. Cerebral ataxia is 

characterxred by loss.:pf..ner^^^^^ principally affecting 

the Purkinje .cells, . ' ■ " " ' ' : ' 

of cytidine and uridine may exert *ti^^^^ 
enhancing P^osphc^d il^s^ 

the effects of cerebrovascular disorders, Parkinson • s . 
disease , and cerebral " atakia.. ■■ '■^ 

^ f"yf"^^°" tc treatment of, 

physiological' or pathophysiological conditions .where the 
body's, capacity to synthesize'^n^l^ic' acids is 'subop 
These . conditions Includje" diab^ 'senescence'," and adrenal . 
insufficiency.- A<imini st ration ol^ derivatives of 

cytidine and uridine, may provide^ a' bene'ficial,,^^^^ 
providing a , sustained . delivery of high levels 'of cytidine 
and uridine^to ,give^^suf fi^^^^^^ of nucleotide's, which 

are necessary for, the biosynthesis, of. ehzymesV-crucial for 
cellular self regeneration. 
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Although the^anvention;,;^ 
^.mode, of ; action, ^Jthe^ cpmpo^ J^^J^ • PJ.??^^^ invention, 

. in andv'Ofr themselves, appear -to '.act. by/ enhancing nucleotide 
, and nu^cleic.^^acid^ synthesis by , 

^ orovidinq- nucleosides^ under-. .conditions /wherein -d£ no^ 

synthesis. i£;/.ot^ suff ic of 
: nucleptide^ j.and. jiucleic^ acid synthesJLs.^^ Thus* the . compounds 
may .^fihd.. utility,, in jtreatment^^ insufficiency, 
myocardial, infarction,. liyer..disease. including .cirrhosis , 
and by reversing, .the^ pa thological^^ ef f ects, of diabetes. by 
- f acctsler^ajti^^^ protein 
synthe^si^. C /h15- /ilo c:=:fEOi;. $rf.r:tr^:?i:r/ot?. r. : .v^:^j:J Mr; i 

. - ^:r:.:bejayiinijii stored function ..after ; 

/ myoc^ardial Infarcti^^^^^^ cardiac , 

insuf f iciency. The .acyl- nuclep 

invention, *which, ^ the cellular . inechanisn;s 

invplved/.in-^alciim. seq and which thereby ; . 

. preser^'e or.^ support.^cellular , ATP regeneration, • may , have 
significant, therapeutic.. value in preventing or treating some, 
of thfc deleterious .ef fects, of. myocardial, i^sul 

, , . T;he. compositions of the present invention may be 

coadministered , with, drugs which are used to treat cardiac 

........... -f • r ' , t •. . ■ .r ^ . i : „ ,i " .■ 
insuf ficiency, e..g*., digitalis, diu^ 

catecholamines^.^^; ti^/fr^ ii : ..nr: v % ? ^ 

, . It is possible tOf attenuate. loadTinduced 
■;:,,j....,rmyocajrdi*al^ jjrqmote,..^ table hyperfunct . 

providing to, the heartr .substances^ that support the 
biochemical processes, involved ;in. calcium^ sequestration and 
RNA biosynthesis. . ..Uridine, and. cy,tidine are useful compounds 
- in this context... Uridine has- been , reported. to be relatively 
' .ineffective in: supporting, myocardia^^^^ 
however, this may be; because, urid rapidly, degraded by 

plasma- and, tissue enzymes , , which , consequently prevents its 
Utilization: by the heart.,,:. The invention is based partly on = 
the finding that- it; is possible, to iroprove delivery. of 
uridine to the heart by administering the acyl derivatives 



which gradually release 'free uridine into the bloodstream 
over ah extended 'period' of /time. • '^^ * - * i--. 

* The acyl ^derivatives' of uridine' may- be adniinis- • 
tered to treat hypoxia or anoxia. • ThWse acyl derivatives 
appigar to* act by enhancing biosynthesis^ of uridine diphos- 
phoglucose, a necessary- intermediat'e in glycogeh 'synthesis, 
to improve tissue resistance' io^ or anoxia and 

preserve the functiohkl -'capacity of tissues ; :i'n' particular, 
•cardiac. 'Uridine acyl' derivatives may: ^^b^^^ 

treatment 'cf hypoxia, anoxia/ IschemiaV excesisive- catechol- 
aroinergic stimulationV and idigbxin toxicity • • 

The compounds of the present* invention may also 
find utility in countering some of the long term 
complications of- diabetes, which- include neuropathies, 
arteriopathies , increased susceptibility to^ both coronary 
'arteriosclerosis ' a'nci* mydcardiar infarction, and blindness. 
Since de iiovo nucleotide s'yhthes^^^ suppressed in ^ 

diabetes, ' exogenous acyr derivatives' of rincleoside^' have 
thefapeutuc-Vaiue^^-in treVtihg* 'diabetesV In 'addition>- the 
derivatized' forms" of ' the^ hiac^eosides-'^m^^ be- administered to 
provide suf ficient' pools 'ci-^^^ the 
biosynthesis of enzymes^ cfuciar''f or ;ce^ 

regeneration.* ThusV the inviElntion also' relates to methods 
for treating, for' exampreV^'diabVtic''* liver 

disease by ^ adndnf stering' tkW' acyl nucleosTde /derivatives of 
the invention.. The acyl nucleoside derivatives are also 
useful in supporting: or enhancing' muiscuiar' hypertrophy or 
hyperf unction in response Vo incf^^ Such demand 

may occur after sustained 'muscular'' ex . . 

Preferred*"* acyl" isubstituents include 
propionyl, and butyryl:' groups . ' Preferred acyl nucleoside 
derivatives ] include 2 ' , 3 • , 5 ' -tri-O-acety 1 irytidine*, " 
2« ,3' ,5'-tri-0-acetyl uridine,* 2 ' , 3 • , 5 ' -tri-O-propiony 1 
uridine, 2 ' , 3 ' , 5 ' -tri-o-propionyl cytidine, 
2 \ 3 • , 5 • -tri-O-butyryl cy tidine' and \2 % 3 ' , 5 ' -tri-O-butyryl 
uridine • ' ^ 1 1 ^ can ' be" advantageous 'coadmini*s teV a^cyl 
dWrivati<re*k of'bo'th ^y T^nxi^^n 
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:l?:^t?^':'^p± to 10 to 3000 

mg of. cytidine and/or uridine in ^^the- forin -of-^ 
' derivatives "^^^ the^pharinaceutica'l thereof, 
^1 to 3 times' per '^dayV.^'^TKis '^corresponds to, for example, 15. 
'•' 'to''45b6' 'mg-^or 2 ' V3 ' ;5 ''-tr i-0--acetyr and ^' • 

2',3',5'^trx-O-acetyl uridine. 

• * • ^ ^For tr'eatien^ myocardial 
infarction'^Vnd 'the ^consequences ^^^^ 

composition'^^^^^ iVo' mole 

''*''*'dSrivative^of'urid 75 
to' O*'moie"^percent^of'\h derivative of ^'cx'tiaine wxtl. 

'* ' ^^''^the pro^^^^^ °- 
. c}tidine''and^ur^ 100 mole percent. For 

• "exainpieril25-45bo'W^or 2 n^sy be 

* administered' with' b-3475^mg'of 2' ,3« ,5'-t 

. F ^1^^^^^— ^ Qf 'cejlebrovascular disorders,: 
diabetes, 'liver' damage and . disease, and to increase muscle 
' . ^performance,' a' composition /,c td 75 mole percent 

' of the acyl derivative' of uridine may be coadministered 
together with 75 to 25 mole*'percent "of the' acyl derivative 
' ' of 'cytidine"with the provisb 'thaf ^the 'amount of the acyl 
derivatives of "uridine' and cytidine do not' ^ 100 mole 

percent. ' For example', ' 1125-3375 mg 'of 

2* ,3* ,5*--tri-0-acetyluridine may be coadministered with 
1125-3375 mg of 2 ' , 3 ' , 5 ' -tri-O-acetyl cy tidine . 

' "'-For treatment of respiratory distress syndroir.e, 25 

^ W' 100 mole percent'^of t^ crytidine may 

be coadministered with'' 75 to 0 mole percent of the acyl 
* • " derivative'^bf uridine with' the' proviso that ' the amounts of 
""the a'cyl*'derivatives of uridiine'and cytidine; do*^ exceed 
'•100 'mole percent. '^-For^exampieV^'^^ of; 

2 • i 3 * 5* -tri-O-acetyl * cytidine may ^ coadministered together 
with* 0-3375'W''of'2'S3"^^ 
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- , Examples of Therapeutic Adninistration 
Cardi ac Insu f f iciency , - T . 

' Acyl derivatives of cytidinc and uridine are 
useful in the treatment of . several varitties of .cardiac 
insufficiency* . They .^are effective , in, supportirig .sustained 
compensatory hyperf unction in. the^'^case of . increased load 
upon the heart in hypertension, for, example^ or especially 
in supporting the function of the surviving portions of the 
heart after a myocardial infarction. In this latter . 
situation, a mixture of acyl derivatives, of ; cytidine anc 
uridine may be given as soon after the onset of the 
infarction as possible, followed by chronic oral adninistra- 
. tion of a^ suitable f ormularion of acyl derivatives of these 
nucleosides. in doses of .approximately 0«5,.to: 3.0 grams per 
day of each.. These, compounds .may be used^ advantageously in 
conjujictioh with conventional treatments of myocardial 
ir.f c.rction. The nucleoside derivatives have the unique 
advantage of protecting^.the. heart . against damage . secondary 

. . to overload, hypoxia, or .catecholamines without reducing the 
functional capacity . of ..the heart, since they actVby 
enhancing the metabolic „j.integfity,, of the. myocardium, in 
particular by .improving ^calcium handling. \;,The. nucleoside 
derivatives ; may :,also be ^administered prophylactlcally to 

... patien;ts at:^ris];,,].for; myocardial/inf arction or,. cardiac ' . 
insufficiency. 1 : ^ \ • , « s V ^ ^ 

. For treatment .jOf chronic^cardiac^^insufficiency, 
which leads; to congestive heart ^ failure , acyl derivatives of 

.cytidine and uridine may be administered orally in doses 

■ ' ' . • I. .- . ^ . .... . . . i ,r'>. - • 

ranging from O.S^to 3 grams per day; of, each nucleoside. The 
nucleosides may be used .in conjunction with other agents 
such as digitalis derivatives^ or .^diuretics. / In addition to 
improving .myocardial function^.directly, ,the.,nucleoside ■ 
derivatives .reduce .^digitaliS;„toxi^ its 
clinical efficacy. 
Diabetes 

In many tissues of diabetic subjects, cellular 
pyrimidine nucleotide levels are reduced; this may 



.1/ 
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. contribute. ^to .some ,.of .the. longrterm complications, of 
^ ^ ^diabetes ^.-^including ,arteriopathies ,^vnfcurppathies , and 
decreased.^resistance :of . the .myocardium to mechanical or 
biochemical ^stress. jThese complications are related to 
malfunctions _in , tissue calcium handling, in ' which. pyrimidine 
nucleotides play key roles. It has been reported that daily 
intramuscular in jectipn of cytidine and uridine reverses the 
depression in peripheral ^ner\'^e, conduction velocity in 
diabetic humans (C.^ Serra, Rif . Med., 85:1544 [1971J). It is 
preferable to. administer acyl. derivatives of cytidine and 
, . uridine orally xn . suitable formulations Doses equivalent 
to 0.5 to J gram.s of cytidine and uridine are administered 
daily, .in^^coij^unction wi^t^^ anti-diabetic 
treatments. The iiucleuside derivatives are particiilarly 
useful in ^noh-insulin dependent diabetes . 



Keurological Disorders 
, . ^ \, >; In, the treatment ; of . the consequences of > 
cerebrovascular^disoVders, V.g andrchronic or acute 

cerebrovascular insufficiency , acyl derivatives of cytidine 
and_uridine,,j particularly, those formulated to pass through 
.the blood-brain barrier after - oral . administration, may be 
administered in oral doses ranging from 0.5 to 3.0 grams of 
.each nucleoside per.daiy for at least several months. 

In Parkinson' s disease, acyl > cytidine derivatives 
are particularly useful, and may be given in ...conjunction 
with the conventional treatment of i choice, L-boPA. The 
cytidine derivatives, administered in. oral doses of 0.3 to 
3.0 grams per day, may permit -satisfactory .cliiiical , 
maintenance on reduced dosages of L-DOPA, which is 
advantageous; because L-DOPA has undesirable side effects. 
Methods of Preparation of the Compounds 

The^acyl derivatives: of the invention may be, 
prepared by the , following general methods. When the. acyl 
substituent has. groups which. .inter fere with the acy.lation 
reactions, c. g ., .hydroxy 1 or amino groups, these groups may 
be blocked with protecting groups, , e.g. , 

t-butyidimethylsilyl esters or t-BOC groups, respectively. 
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before ■ preparation ^of thV'" an hydride r""Tor ^ex amp leS' 'Tact i 
acid may &e-^'c6hvertfed' 'to -2-i€-b*utyfd3!metTnyi^^ 

• acid • with^;t-buty IdiroetHylclflVrof il^^^^^^^ ' f olTow'ed -by 

• hydrolysis^' of the' resu'ltrrig ^sily 1 ester \5itlf ^sTqueous base . 
The . anhydride may'- be» :f o]Sn'ed^ "by^ £eacti7ig "'tlie'ijrotected acid 

■ with-DCCr '-^'J-"-^ >I; .:^;.(:a:c v^^i v- :q ^ :;f: 

■ ' In the • ca sfe' of ' amino -"acicis /- '^the N-t-BOC "derivative 
may be prepared, ' using standard techniques , 'which is then 



converted to the • anhydride' with' DCC. 

Derivatives containing acyl' substitu'ents with more 
than one carboxylate "group (e.g., succiiiaite, fumarate, or 
adipate) are prepared" by -riBacting the 'acid -ai^^^^ the 
desired dicafboxylic aci'd''"Wi'th'"a Y'-deoVyfibo'nucieo^^^^^ in 
:• 'pyridine. ■ ' - /" Jy '-•••'> ^^-^^ i?- ■ ' - - .. -.-,.5 ., r . . 

For example, . thW' 2 • > 3 S\5*-tri-0-acyi derivative 
of uridine may be prepared by a modi fied' procedure disclosed 
by Nishizawa :et al-. ; BiochemV' PhannVco'i . ' 1 4' ; 160 5 (1965). To 
• - one Equivalent of ■• uridine^ 'in-'pyri'dlhe^ i'i' 'addisiL^i':'!' * ' 
■••■equivalentls''bf '-an'' acid ' anhydride" '('a^:eti\:"^ 
/^-^ knhydridef ^et<i • ) ^'^^ tli^^ixtiir^^^^df tbMI'a2^85-^ ' Th^ 
• ■• triacyl'-^d^ri'Vatii^e?^ 
•'• ■^"techriigues^-^'-XltSfnaViUlB-Wi^^^^ 3.1 ' 

■•=•■'■ -palmtoyi'ch^ioride'r^^ temperature 
■ '/'■MSefe'*""Exampfe V)- l'-^^' ' -^^^ ^ ' ,-Xrf3;j5<)j, -^/;-UvCupxs-T;i,q:- >u •;. • • ■ . 

• •.'•-■■''"The ^S'acyl-'deriv'am"^-^ 

according 'to 'Nishizal-k-' eVaa reacting^ uridinfe^w^^^ 1 

equivalent of the . acid ainhydride''of the disired kcy l 

compound in 'pyridiihe at 'room tiemperature'i'' Th'e'- reaction is. 

■ then heat fed *to 8 0 - 8 5 • C tor two -^h'our 's 6661 ed?" 'anVj'* the ' 

■5'-acyl ,derivati^e^i^di2ted^^^2s^^SAdaid -^ichilqY^^ ■• 

purified by chromatography. Alternatively; the. 5^-acyl 

• derivative of uridine may be prepared by'trea^ 

in pyridine and DMF 'at O^c/'with 'l equivalent acid 

' • chloride derived /from* 'th!b desired 'acyl 'comp^^ 

•-acyl derivative of uridine may thert be isolated by 



wo 89/03837 PCTAJS88/03823 

• " . - rt: - . . . . ■ 

. . ; -31 - 

standard- techniques and purified^.bv. chromatography (see 

- The 2 ' , 3 •-diacyl derivatives of uridine may be 

prepared by ^ a, procedure .adapted from. Baker . et al,^, J, Med. 
Chem. Z2p;273; (1979) . The 5,' j-hydrpxyl group , is selectively 
protected with 1.2 equivalents of t-butyldimethylsilyl 
chloride in DMF containing imidazole, ^ at room temperature. 
The 5 ' -jLrbutyldimethylsilyl derivative of . .uridine is 
isolated by. standard techniques, then . treated- with 2.1 
eguiyalents, of .the , acid anhydride ^ of the desired acyl 
compound ;.in, pyridine, at . 0-5*C,. The resulting 5'-t-butyl 
dimethylsiloxy-2',,3\-diacyl uridine is then treated with 
tetrabutylammoniuro fluoride and the 2',3'-diacyl derivative 
of uridine is isolated by standard techniques (see Example 

The secondary amine of 2 • , 3 ' , 5 -tri-O-acyl uridine 
may. then be' acylated according to Fujii et al., U.S. Patent 
No.; 4,4 25:, 335, which^^involves treatment with 1 . 1 . equivalents 
of an acid chloride in an aprotic ; solvent /containing 1-5 
equivalents of an organic base, e.g., aromatic amines such 
as pyridine, trialkylamines , or N,N-dialkylanilines. Using 
this procedure, a tetraacyl derivative of uridine may be 
prepared which has an acyl substituent on the amino group 
which is different, from the acyl substituents at the 2 ' , 3 • 
and 5' hydroxy groups ,(see . Example . VIII ) . . , . 

J . ;The 2 J , 3.* , 5 ' -tri-O-acyl ^derivatives of cytidine may 
be prepared according to a .method .adapted. from Gish et al. , 
J. Med, Chem. 1 4 ; 1159 (1971 ) . For. example , cytidine 
hydrochloride may be treateid with 3 . 1 equivalents of the 
desired acid chloride in DMF. The 2 • , 3 ' , 5 ' -tri-O-acy 1 
derivative may then be isolated using standard techniques 
(see Example IX) . 

The 5V-acyl derivative of cytidine may be prepared 
according, to Gish et al. , supra , by treatment of cytidine 
hydrochloride with 1.1 equivalents of an acid chloride in 
DMF, followed by isolation of 5* -acyl cytidine by standard 
techniques (see Example X) . 
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Selective acylation of the N^-amine of cyticine 
accomplished according to th^ procedure disclosed by Sasaki 
et al. , Chem. Pharm. Bull. 15:894 (1967} ' This involves 
treatment/ of ; cytidine'""wi'th l;5' equfvalents of an acid 



anhydride''*ih* pyridine a'nd*'DHF/' ^'The^ H^ of 



cytidine may then^be isolated by standard' techniques- (see 
Example- XI)'" .^^^ v.^^^-^ " - ^ : - ■-i-r::,..^^ 



Alternatively ;^the* N^-adyl' derivative df cytidine 
may be prepared by treatment of cytidine' v acyl 
anhydride* in pyridine or /a mixture of pyridine and DMF. 
Another procedure for the selective preparation of N -acyl 
cytidine involves selective acylation with an acid anhydride 
in a water-water ' miscibie solvent system' according to 
Akiyama et al . , Chiem. Pharm. " Bull. 26 ;'981 (1978) (see 



Example XI)*;' " \ •---'^•^ ' ^-'V^- • ' 

Tetraacyl cytidine derivatives, where all the acyl 
groups are the same;^ may be prepared by trieating cytidine 
with at least 4 ' molar " equivalents of an acid anhydride in 
pyridxne at " room' temperature i The tetraacyl! cytidine may 
then be iisolated ' using standard 'techn^iques ' (see Exeunple 
XII) . '' r ■ • 



* ^ To 



V.4 



prepare compounds in^ which the ' acyl 'subs tituenr 



on tht K amino gr6up"'is' different from, the acyl 
substituents on the hydroxyl groups of the ribose-rxng 
.(e.g., N -palmitoyl :2';3'V5'-tri-0-acetylVcytidine) , the 
desired acyl ' substituent is' selectively attached to the K 
'amino "groiip "'as described^^abbve^ and' then' the hydroxyl groups 
are acylated ; with their ' intended' ; ' 

Alternatively,; tJie' substituents the riboWe^^ m^ may be 

attached prior to attachment^of the substitiient of the N 
ammo group, again usxng methods described above. 

* Compositions* within' the scope of this invention 
include all compositions wherein each of the components 
thereof is ' contained in ' an ' ambiint' ef fectivie to achieve its . 
intended purpose." 'Thusr the 'compositions'' of the invention 
may contain one or more acyl nucleoside derivatives of . 
uridine or cytidine^ in amounts' siif f icient to' result , upon 
administration, in increased 'plasma or tissue levels of 
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cytidine or uridine and the* acyl^ derivatives thereof, which 
thereby produce^ their desired' ef feet.*-- • * - - ^n c ^ 

. In . addition^ to; the-^ pharmacologically active 
compounds^ ti^e/'new*^priaiTO contain 
suitable pharmaceutically -acceptable-: carriers, comprisinc 
excipients and auxiliaries which ^facilitate -processing of 
the active cpnpdunffs '^into ^' the 'preparations which, may be used 
pharmaceutically •* 'Preferably, the ^preparations, particular- 
ly those preparations which can^^'be administered orally and 
which can bemused for the preferred 'tyjpe of . 'administration , 
such as tablets/ dragees, "ana" ^capsules and *also prepLrations 
'which can be adiairiistered rectally/ such as- suppositories, 
as well as suitable solutions . for administration by injec- 
tion or orally , contain "about ^from' 0. 1 to 95% , preferably 
• from' about' 10-90% , '^of^ the active' com together with 

' the excipieiit V " -^*.' -^a k -^J^; i r<'> .h- t j 

The pharmaiceu-cical preparations of the present 
' '"''^iriventiW are^'^^ meuiner which is : itself 

' known , for ' example , by 'means - of conventional mixing / 
granulating ,' dragee-making, dissolving, or lyophilizing 
processesT^ Thus, pharmaceutical, preparations for oral use 
can be obtained by combining the active compound (s) with 
solid excipients, V optionally grinding a resulting mixture 
and processing the mixture of granules, after adding 
"suitable auxiliaries/^if ' desired^^ oir^. necessary , to obtain . 
^ tablets 'or ^dragee cores';-^*^-.-' 'C,S-d' -/ r:> ;^ ^ . ' 

.ij:?'.^. '.c^e^, , Suitable- excipients"'5are■^* in;'particular^•^^f 

.such^/as^ sugars, *for* example^ dactose^ or' sucrose , :mannitol or 
'soibitorj^ ceilulose'' preparation'st and/bri- calcium phosphates / 
for example 'tricalciiim* phosphate "or ' calcium hyd plios 
phate," as well as binders isuch- as starch paste , using , for 
example maize starchV- wheats-starch,' rice .starch, potato 
'"starchi g'elatin, - tragacan'th,''ro*ethyl cellulose, hydroxypro 
pylmethyl-^cellulbseV -iBo'diiim^^'c^^ cellulose, and/or 

pbliKfihyl- pyrrolidonV; ' if » desiredV^ diisintegrating agents 
may^ be' added- 'such aV the;^ above-mentioned starches and also 
carboxymethylstarch, 'cross-linked polyvinyl pyrrolidone, 
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agar, or alginic;;^ acid or, a^saitj thereof , suc^^ 
alginate. Auxiliaries, are, above. ^all, flow-regulating 
agtnts and lubricants, :^f or exaini>le^. silica, talc, stearic 
acid or . salts thereof ,j ;such , as jnagnesium^stea^ calciuc, 

1 ster ate, and/or, polyethylene^ ,gly<^Dl.3..Dr^^^^ 

; provided , with suitable, ;coatings^>fhich r . 

• resistant: to, igastric^^juices .j...(For.^th^^^^^ purpose ,^ concentrated 
sugar solutions mayj. be used,.,which inayjoptiona^ 
guiri; arable, . talc,., polyvinyl pyrrolidon^^^^^^^ glycol 
and/or titanium^; dioxide,,.. lacquer ^.Mluti^^^ suitable 
organic^solvents. .or . solvent \mixtu3^^ In . order to ^produce 
coatings, resistant .to gastric juices ,^s^ ,sui table 

cellulose preparations such ^as gacetylcellulose.^p^^ or 
hydroxylpropylmethylceliulose.jphthalate.are 
stuffs- or pigments, may jjoe ..added^to the tablets^or, ^dragee • , 
coatings, for example, for identification,, or ^ in order to 
characterize. different^^combinations of compound dose s^, 
Other pharmaceutical preparations;. which can, be. used orally 
include push-fit capsules ;made , of gelatin, ,as. well^as 
soft-sealed capsules made of . gelatin and a /plasticizer such 
as glycerol or ; sorbitol i,. The rPush-f it ^capsules.;, c^^^ the 
active .compound,(s) ..in. the formfOf granules , which may be 
mixed with.. fillers ; such as. lactose, binders.., such: as starches 
and/or lubricants^, such as talc ..or magnesium_^ sterate , and , 
optionally , : stabilizers ; In . soft:, capsules , the - active 
compounds are. preferably dissolved or .suspended, in. suitable 
liquids isuch as.TfattyuOils, . liquid, paraffin, or polyethylene 

. glycols. -i -.In addition ,,c stabilizers may be added. . 

: ..Possible;, pharmaceutical ^ preparations . which ca: 
used, rectal ly include ,.r.f or ..example^supposizorics wl-.ich 
-consist of a combination of . active compounds, with a 
suppository base Suitable suppository . bases, are , for 
example, natural .or ; synthetic triglycerides , paraffin 
hydrocarbons, polyethylene, glycols or higher alkanols. 
addition,: it is also, possible ,to-,.use. gelatin, rectal capsules 
I which consist .of-at.combination;. of. the. active., cpmpounds with 

; 'arbase ;':! Posisiblfei basei.iaat.eriarls.rincludejj.^if pr^jekam^ 



be 



In 
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water .soluble forroVL'f or . example v( water ' soluSie ^salts. in 

• additionr suspensions of the active compounds as appropriate 

oily injection suspensions may be administered. Suitable ^ 

lipophilic solvents or vehicles include fatty oils, for 

. example, -sesame:' oil />-or: syntheticJ fatty acid esters, for 

- example;«*Bthyl oleate/ or triglycerides. Aqueous injection 

• suspensions may 'include substances ' which increase the 

: viscbsi'ty <cf - the suspension- which" include for example , 

sodiuK.^carboxymethylcellurose,' sorbite and/or dextran. 

Optionally, the suspension may' also contain stablizers. 

. -:The following examples are illustrative, but not 

■ limiting,, of the methods and compositions of the present 

inyentionv* Other, suitable modifications and adaptations of 

n r^the:;variety::of ^conditicns>and•i: parameters normally^: • 

enccuntere'd :in^Vlinical'^-therapy5and-^^ obvious to 

^ 'i^those-'iskiried^-izr thei^i'art and:- are* within J the spirit and scope 

■ of • thisvinventi*on."":'::*6;x iu^ox j-c>: >:^ -/...^ ■ .} . ' . • u 

;-tr;r?;i . r-.-.r-j/-.'^ 'V EXAMPLES' .-' » J - * ' 

Example '^i Vn Comuori'sonv of': ^ of Uridine and 

. Acyl Uridine Derivatxv es in Kats^ >• T ' ^- 

Silastic catheters were implanted into the right 

..jugular^, veins of .anesthetized .male F344 rats (Retired 

Breeders, 450-5 00 ^grams) ; .Three blood samples 

were. withdrawn without. disturbing the rats. Basal blood 

samples were taken' and, the animals :were divided into four . 

groups,, each containing four -rats. :i Each group received a 

different . one of each-- of* the" following compounds; uridine, 

2* ,3' ,5V-tri-0-a;ctityl uridine;, cytidine, or 

2 " , 3-' ,5 .*-tri-0-acetyr* cytidine. The compounds were given in 
equimblar dosages' (0.2B moles/kg) : by intubation into the 
stomach.' At intervals of 0.5,' 1, 2,>3, and 4 hours after 
administration, blood V samples . (0. 3 ml) were withdrawn and 
processed for subsequent assay of cytidine or uridine 
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content by HPLC, In the' rat, plasma levels of uridine were 

significantly higher (SJ-to 'lO f old) * for 'at' Teast -f our hours 

following ingestion of tri-O-acetyl uridine than after 

ingestion of an equimolar dose of uridine. 

Example II;' Comparison- 6t the Bioavailability of - Uridine 
and Acyl Uridine Derivatxves in Humans [ j../ ] - ^, 

. After an , overnight fast i: a basal; venous blood 

sample , was withdrawn from a human:.;subject . and ^ then. 0,76 

moles/kg . (28 mg/kg . — 2 grams in *a_70 kg subject of 

,tri-0-acetyl . uridine^ was ;:ingested .along ;with ^100;;ml: of 

.water. . , Blood samples -(0^5 ml) . were, withdrawn , at linterv 
of l/:;2, 3 , and ,4 ,hpurs5 after .ingestion of.; the*, compound and 

;were processed for subsequent .^determination of* plasma 
uridine content by^HPLC. On • a. separate .day the same 
procedure was carried: out, ,except;;that an equal: molar dose. 

i ( 18 mg/kg ^. !• 3 grams in.i.a; 70., kilogram .subject) of uridine 
. was ingested instead of . the. acyl. derivative I/^hb plasma 
levelj;bf uridinei.was substantially: higher followingL* 
ingestion of trirO-acetyl^, uridine: /than after , ingestion of 
the equal molar, dose of uridine . .^ Uridine levels were 

isustained in the-:useful:. therapeutic range :.(greater^.,than 10 
micromolar) for at least four hours after.i oral n'/:- 
administration of tri-0-ace:tyl uridine. After 
administration of. oral uridine juuplasma levels tof .jthe; 
nucleoside exceeded 10 mlcrombl^r'-^at only-* one point^ in time 
(two hours). ■ ' * *' ^^ 

Example III; Restoration of Depressed Myocardial ' Function 
with Acylated Pyrimidine Ribonucleosides : 

; ^ The experiment described within this exsLmple v;cs 

designed to determine . whether providing exogenous; triacetyl. 

■uridine' i^and^^triacetyl;; cyticine^^.could, helplitO: restore^ pximp 
;.|f unction jin:,.the::ventricularj^myocardi^^^^ af;ter;..experir.iontal 

'depression;Tof ^ventricularrtfunction^ i^^i^-' ,)-^^ £ ! 

•|j r'A v: a-'inExperimental .royocardia^damage-yas;-;^ 
: .anesthetized . (Nembutal ;.\5bimg/kg/d>p;!)< male F3444Trats (250 

!grams). r.by constricting theo abdominals aorta* to* :anv.internal . 
, diameterv of aO . 67 umrai: /f olloWedsbyDdn jectiohi of^aL single dose 
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triacetyl^^ cytidine and^^triacetyl, uridi mg/kg of each) 

was administered immediately after, and again 1 hour and 20 
. hours after aorta constriction and administration of 
isoproterenol. .,.Some animals . receivt-d injections of saline 
instead of .the acevylatea nucleqsides (untreated), and a 
group of animals also received saline injections but were 
not subjected to aorta constriction or treatment with 
isoproterenol (controls). Ventricular function' was 
determined' 24 hours after 'aortic constriction. Animals were 
anesthetized with sodium pentobarbital (50 mg/kg i.p.), and 
a. catheter was implanted in: the right jugular vein for 
administration of 'norepinephrine, A -second catheter 
(Intramedic PE-50) was inserted X^i^.P^^^^ 

the heart via the right carotid: artery. Left ventricular 
- systolic -.pressure, (LySP) , -.jthe^ ;"te. of ventricular 

contraction :and.^relaxation^^*''(+dP/dT and -dP/d respectively) 
and hea^t. rate (KR) ,wer^ via this 

catheter, using a Statham-type pressure transducer 
. inter:faced to a Stoe^lting Physioscribe ^11 polygraph.. -Values 
of ^ ^the se [parameter severe 'recorded, before and after i.v. 
— administration -of* 0 vl-^^ml of -norepinephrine" bitartrate at 
\ ; concentratibnst>of ^10 lo""^ /^'aWd* 10"^M.' - Electrocardiograms 
. were also., recorded Awith.. this .apparatus, .using stainless 
Steel needle electrodes inserted subcutaneously in the 
lorelimbs. Heart work output was calculated as the product 
of 'ventricular systolic pressure and heart rate. 

Aorta constriction in conjunction with 
isoproterenol administration resulted in substantial 
decrcnents^ in myocardial, performance compared to intact 
controls.. ^ Lcft^ ventricular .systolic pressure, +dP/dT, 
-dP/.dT, ^andj. heart work output were all significantly 
depressed (Table.^ 1 ^ Pigs .1^^^ In the animals that 
received acetylated pyr imidine nucleosides after aorta 
constriction and administration of isoproterenol, all of 
these parameters were . significantly .restored toward normal, 
compared to animals, treated. only with isoproterenol 
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(Figs. 1-4). Heart rate was also depressed after 
- experimental myocardial'^ damage ' (Fig : 5). 

Table 1; Basal Heart Perfonnance * 

TKEA3>ENT LVSP ^ HR -HJP/dT -dP/dT*' ' r HR X LVSP 

(imtf^) (bpm) (ntnHg/sec) (ninl^/sec) 



Control 141111 V 386*46 60001348 ''56401528 55,766110,407 

AC +.Salii^ 107114* 263144 40801600* 31201840* 32,63319,115* 
AC + TAU&TAC, 15819 . ^ 398128 6000+480 , 56401300;.. 63,51816, 624 . 



* - Significantly dif f erent fran ^.oontrpl;^ value (P • 02) e li J .i ini 

Abbreviations:'^.'^-. ^-I'^i^'^ -zhdj ' nx . tf^»^it^Iq.-f;i .nt^yr .*:ici:tf>-n:^ft;:. ' ... 

* - *• !• .^.T-^^^ .^^^^^stricti^ 

TAU = Triacetyl xiridine 

• ' - '^^-'-^^ TAC ='ltiacetyl ^^^ 3Ev; -.tOc^-. irq.; o^&^^^T'^i^uC r . 

; _ c a ; 3WSP ej Left yentriciilar; ^systolict pressure v it i5 1 { - 

HR = . Heart rate : ^ ' ^ 

• : ^ > i iH^/dT «^ Kaxii^ 

: . , i aC^/^^SV s^iMaxiinam^ ratev of )ventricular^relaxationk:fo^a:£i^ 

.-K.r . H i^v; - Table ^2^: g^^Maxinia^ ' . 

^ --l/: (imihg) - , abp(:i) -M.v.{«n«g/sech.(nti^ :cT*(xnmHg/xnin) . 

Controli 27713 \H 436146 - 1200011580 72001408 /./l20V833il3, 147 

AC + .Saline • 238112* '-'^334247 94801480* ' '6060*36*0* 80,860115,271* 
AC + TAU&TAC 30819; 446133 115201600 96001480 138,056112,234 

* = Significcarjtly different fran control value (P : .02) . 

(Abbreviations are the, saine as in :Fig;;) 1 j) r j -vri , J.ond. ? : 

' The paranieteVs\of 'inyocar^^ were 

inoni tbrud' in'- the> sah;b 'rix'ts f clliswiTiig adninistf'atlon^^^ o 0 . 1 
ml of ■ lO^^^M^'nbrepinephH 

di splayed-^ ir.'*^ Tab iS^:^-2^ ll^l/^/ M 0^/^ ^ • . 

■ Discussidri ^"" • •'<^ i r^oji;)u:.J :lnUnb., .hn:. no a* dj ^r:^iic- * .* 

Providingrexogenousr nucleosides to. the myocardium 
by aamxnisterang the acyl nucleoside derivatives o£ . the 
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invention prevents of alleviates the impairments in 

myocardial performance that normally .accompanyr cardiac 

hyperf unction and hypertrophy that follows a .sustained 

increase in load upon the heart. Such, an .increase in. 

workload occurs in the .surviving portions of the heart 

following a severe myocardial infarction^ Therefore , 

pyrimidi^ie nucleosides or acylated derivatives are useful 

therapeutic agents in the treatment .of . or prevention of 

heart failure following myocardial infarction. ^There are 

currently no therapjeutic agents., in contemporary . clinical 

practice tha^: operate by supporting the biochemical 

mechanism^ underlying myocardial energy metabolism or 

capacity, for adaptation to sustained increases in. workload, 

These ^results-. indicate that such"^ an!, approach- yields 

significant: functional, benefits./ j 

Example IV:- Treatment of Liver Damage 
With Acylated Pyrimidine Nucleosides 

The effect of oral ,triacetylcy tidine and 

triacetyluridine on chemically induced liver .damage was 

assessed. Chronic treatment of rodents with carbon 

tetrachloride is a standard model for inducing a 

heptatopathy that eventually . leads, to cirrhosis. 

r;'-'v -I < \ •- ii.. ...... .m. ;• . 

20 male F344 rats (200. g) received in jection 



s of 



• r.- 

carbon tetrachloride (0.2 ml/kg of 50% CCl^ in corn oil) 
twice per week for 8. weeks. After the . first 2 weeks of 
treatment with carbon tetrachloride r half of the animals- 
were subjected to oral administration , (gavage) of a mixture 
of triacetyluridine (TAU) and t'riacetylcy tidine (TAC) 
{50 mg/kg of each in 1 ml of water, twice per day) for the 
remaining 6 weeks. The other half of the animals (controls) 
received equivalent volumes of water by gavage. At the end 
of B weeks of carbon tetrachloride treatment, the functional 
capacity of the liver.s was assessed by their capacity, to 
remove bromsulphthalei'n (BSP) from the circulation (a 
standard test of liver function). The rats were 
anesthetized (ketamine 80 mg/kg and xylazine 13 mg/kg) and 
their carotic arteries were catheterized for BSF 
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administration and blood sampling. BSP (50 ir.g/kg in 0.5 ml 
saline) was administered as a bolus. Blood samples (0.2 ml) 
were taken periodically', and plasma BSP concentrations were 
determined- by adding '20 m'icriolitef s of plasma to 1 ml o.l m 
NaOH and recording UV abWrbance" at' 575 nmi'' "'^ 

As is shown in Fig. "li^'animals" that received TAG 
and TAU during treatment with carbon tetrachloride had a 
significantly better capacity to remove BSP from "their 
circulation' than did the control Vanimals, . indicating that 
TAG and TAu providie significant protection ' of 'the liver 
against damage from carbon tetrachloride. 

Example V: ' ' Prep aration' o^f ■'2 ' /3' ;5'''-'Tri-0H:^cvi' uAd'ine 
. .'o From i acid canhydrides-iy u i^/-.. t- .....{..^n,. .'«>«.■>.>. 

■f. . !• :To .l igramioi uridine 'dissolvefd- in: ?20^ml-■ anhydrous 
pyridine - (previously;, dried over potassium hydroxide) is 
added at room temperaturet ail-h iholar .equival^ents "of "the acid 
anhydride , of the:..desiredvacyr ;compdurid.:(e.g;^^^ 
anhydride, lact ate vanhydrxde/' butyric" anhydride7"-etc. ) . The 
reaction' mixture" is ' theFhea^ed^ to'^'s^^^^^^ 2 hours , 

cooleQ, poured into' ice water/ and the' esters recovered by 
extraction* three times with "equal Wl lime's of chloroform. 
The chloroform is "then washed" with" ice-cold^ 
acid, 1% aqueous sodiiOT"'bicarbonate^ and' finally' water. 
After drying with sodium'-suifa'te^ the chlorcaform is 
evaporated and the residual oil br crystals are subjected to 
chromatography (adapted .from Nishizawa et al . ', " siochem. 
Pharmacol. 14 ; 1605 (1965) 1' ' '"^ '-'i' 

.' ■■■ From acid •chlorides i" " " " '■ : . . • 

To 1 gram of uridine in 20 ml anhydrous pyridine 
is added, at*. 5"C,' 3.1 molar 'equivalents' of the' acid ' chloride . 
of the' desired acyf . ccimpbund (e.g.^, pairaitoyl'^chioride , 
acetyl chioridie , etc. ) . The mixture is held' at room 
temperature overnight, ''aiidedi to ''ice water , 'and ""worked up as 
indicated above .(adapted from Nishizawa et' al. ; Biochem. 
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Example VI: Preparation of 5-Acyl Uridine ^ ^ , , ^^^^ 

To" 1 gram ofruridine dissolved in 20 ml anhydrous 
pyridine is^. added, at room^ temperature , 1 . C molar equivalent 
of the: acid anhydr^^^ of /the: desired acyl , compound. The 

reaction"' is then^ heated, to "sO-BS'^C f^^ two^ hours, cooled, 

... :;v.... xo. n.cr :ran -o ).*:;■ - .rc . j. ,f>,: • . 
poured into ice water, and the esters recovered by 

extracrion three times with equal volumes of chlorotornv. 

This' chloroform is then washed * ice ' cold 0.01 N sulfuric acid, 

1% aqueous sodium bicarbonate, and finally wate After 

dryina with VodiW' Wif ate , the chloroform, is evaporated and 

the. residual oil. or crystals are s^xabjected to chroma 

togiiphy^/ The ' ma j or productV is isolated by chroma 

tographyV'is the 5 '-substituted ester (adapted from , 

Nishizawa et al. . Blochem: Phannacol . i4:lp05. C1965) ) . 

Alternatively, selective 5 ' -acylation of uridine 

Wy be /ac^niplis'hed' by suspending 1 gram of uridine in 30 ml 

' of 1:1 pyrid'ine';N,N-dimethylformamide cooled to O'C in an 

ice bath. 1.0 molar eouivalent of the acia chloride Oi. tne 

. . .. ;■ '•■; -.f.K- wJ--- -p •; .. ■. ' ■ ; '■ 

desired acyl. compound Is added dropwise to .the mxxture, 

' which. i£ stirred st'o'C for 12-24 hours. 3 r.l or water is 
added, and then the solvents arc evaporated in vacuo at 
SC'C. The residue is dissolved in methanol and adsorbed 
onto approxirnately 3 grams of . silica gel, and the excess 
solvent is evapbrated off. Toluene is evaporated three 
times from' the solid'mass, and the whole is . loaded onto a 3 
X 15 cm slurry-packed poluitin of silica gel in chloroform, 
and eiuted with a .linear gradi^^ (200 ml) to 

20:80 methanol: chloroform (200 ml). The appropriate 
fractibnsV as determined by TLC, are combined, and the 
solvents are evaporated to yield the desired product that is 
either recrystallized' or dried in vacuo to a glass (adapted 
from Baker^et al, / j'/'Mrdi Chem. 21:1218 (1978) ), . 

* Example VII': Preparation of 2',3'"Diacyl Uridine 

To a stirred • suspension of 1 gram of uridine in 20 
ml' dry N, N-dimethylf ormamide is added 2.4 molar equivalents 
of imidazole followed by 1.2 molar equivalents ol 
t-butyldimethylchlorosilane* The mixture is stirred wirh 
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protection from moisture at room temperature, for 20 hours, 

at which time the solvent is .removed at 50*C in vacuo. The 

residue is dissolved in 15 ml of ethyl acetate, the solution 

is washed with 10 ml of-water, and the extract is dried with 

magnesium sulfate and evaporated to' give a syrup':' 

Crystallizatioh from 10 ml of hot' chloroform", to which is 

adaed hexir.e to the point of opalescence", [ followed by slow 

cooling to room temperature, gives * 5 (t-butyldimethylsilyl) 
uridine. • - • • .. ■ , 

To a stirred suspension of 1 gram of ' 
5y-(t-butyldimethylsilyi) uriairie''in 15 ml of dry pyridine 
cooled t o 0 » C , is added '2 . 1 ' molai equivalent's of the ' 
approprikte acid anhi'dtride' of the de'sired acyl • compound, and . 
the mixture ;is stirred wlth^rotection from moisture for 20 
hours at b-5-C, at which; -^^^^^^^ 

addition of a few ml of; water/ ' The solvent' is evaporated 
and the residue is aissolvjad; in ml of-chlbrofoirm;' w.ashed 
with ^2 X ■l5"ml';of sat^ carbonate"; and 

then; with water , "dried (^gnisi wi ' sttlT^ite')-^ and'Vvaporated to 
:_give^a thick , ' cleWr' si;iui/:^^^i:i:h;^^^^^ at • 

25»C."' •• 'J r'^- •••-•'i.A :trji i^A .f,i;,:i^: s-. 

■ ' '■ ■ ''•'n'^"-'- '' '"I't'Jfi' "y.A ' r 'J o • ■■ !■ ' ' • '■ ' 

, ^°^]^y-:^^^rOt tliu_ above 'VcyXated . 

.1 n^l'/of , dry' teVrWhydro^^^^ is'" adSd VV ml ' " 

■glacial" acetic "acid;^;^ "iVi 11^^^^^^ . 
. tetrabutyikimoAiim f^^^^^^ rea^lon iVW^^^^^^^ • 

. by TLC (9:1. chlorofonr: methanoVn/^f^^^^ co^iele. Vemo-v-ol oi 
the t-butyidimethyisilyi; group ir s!' ' hydroxyi" group . 01 

the acylated uridine^ derivatiye", |t^^^^ fluoride 'is removed 
from the fixture by fiirration thr^^^^ layer '"of .'3 0 grams 

of silica gel, and thej products "are" e luted ^ 
tetrahydrofuran. ^.The, cijide productV.' obtained uion 
■ evaporation, of the^ solvent^ is recry^"Ulli2ld' f Urn 'acetone 
yielding the desired 2'3'-diacyl uridine derivative {adapted 
from Baker et al., J. Med. Chem". 22_:2 73 (1979)). 
Example Vlii; ' Preparati on ' of .2 ' ,3. 5 ' Tetraacyl Uridine 
' J • • 7<^f, o'^e secondkry amine* iH the 3 
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• ■ • ' - -r*. • • * • • 

2 • /'S-'-^ 5 V-tri-O-acyr^'urid of 
the ''acid^:chroride of * the desired^-acyp^substit^ an 
aprotic^solvent^ (such as ether*, ^dioxaine/ chloroform*, ethyl 
acetate, acetonitrile/ pyridine, dimethylfonaamide and the 
aike) in the presence of 1-5 molar equivalents of an organic 
base (especially aromatic amines such as pyridine, 
; trialkylamines, or^^N/N-dialkylanilines)* adapted from Fujii 

et' al.>- U.S.\Patent No. 4,425 ,335) .^-^ The acyl substitutiit on 
, . the secondary amine can be the same or different' from those 
on the' 'hydroxy 1 groups of the ribose moiety, • ' ' 
\ Example IX Preparation of 2 ' ,3' ;5 ' -Tri-O-acyl' Cytidine 

» o.t'l One groLm 'of * cytidine hydrochloride is dissolved in 

10 ml of K|N-dimethylfoiinamide'*.:vV. 3/1 molar'^^^ of 
' the acid chioride'-'is 'added and - the^ mixture is stirred 
• overnight- atv«om -temperature;''-' The r^ is 
concentrated in vacuo^^to' an oil,- arid triturated: with 1.1 
. ethyl yacetater /diethyl 'ester; ' The> oil is then triturated 
. - with' IN sodium hydrogen^ carbonate 1 > . The crystalline solid is 

collected, ^ washed' with^^waterV^ dried, and recrystallized 
•n i >.;(adapte'd ' from* Gish et^al//^ j". '^Med> ^ Chem. 14 : 1159 ^ (1971) ) • 

Example^^X : Preparation* of 5^'-Acyl''CytidiniB • ; ' 
:«..: . •One gram" of :cytidine hydrochloride is dissolved in 

10 ml ot K, N-dime'thy If ormamide.--*' '1.1 .molar 'equivalents cf 
the acid chloride of . 'the desired acyl substituent is added, ^ 
•and the. mixture is stirred overnight at room temperature. 
*- The reaction mixture 'is concentrated in vacuo to an oil, and 
triturated with 1 : 1 ethyl acetate: v diethyl^ ether • The oil 
is then triturated with- IN sodiuml hydrogen carbonate. * The 
. crystalline- solid;;is.;^collected/.: wa with water, dried, 

. and. recrystalli2edc^( adapted.^ from Gish et al. , J, Med> Chem. 

14:1159^'(1971) ) . > " ' 

- 4 

Example XI Preparation ofN -Acyl Cytidxne 

4 . 

• v.c The N ; -amino * group of cytidine is the best 

- nucleophiie ainong ^the';amino^ and- hydroxyl functionalities of 

4 

cytidine;ut*Selective N* -acylation . can be accomplished by 
{Atreating. cytidine:; with: appropriate acid anhydrides in 
pyridine or a mixture of pyridine and N,N-dimethylformamide. 
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Specifically, 1 gram of cytidine is suspended in 80 ml of 
dry. pyridine;. 1.5 molar equivalents of desired acid 
anhydride is, added , ,,and. the mixture is refluxed for. 2 hours. 
The solvent is removed in vacuo, and the resulting white 
solid is recrystailized; from ethanol. 

.Alternatively, cytidine (1 gram) is dissolved in a 
mixture coreprising..70:30. pyridine:N,N-dimethylformamide. 
1.5 molar.. equivalents- of the acid anhydride of the desired 
. acyl substituent, is added,;, and .the mixture is, stirred 
overnight at room temperature, j after which .it.-is poured into 
water and stirred. -.,,The.. solvent r.is..removed.-in :vacuo .to leave 
a white solid, which is. extracted .with diethy ether. The 
. .residue is recrystalli zed, from "ethanol'. (adapted from Sasaki 
et al. ,. Chero. Pharm.. Bull . 15 1 894? , (1967) ) - a r... 

An alternative, procedure is :to dissolve, cytidine 
in a mixture of water- and;, a; water-miscible^organic, solvent 
(such , as dioxane, acetone> acetonitrile, j r-. 
. . N,N-dimethylformamide; . climethylsuifoxide,..tetrahydrcfuran, 

etc.) and to.trea.t that .solution., ^withjabout , a twofold excess 
. of an appropriate acid anhydride ^.v.For . example, .i: gram of 
■ cytidine dissolved^in^.5^^^ ris. mixed. with-.lS^ to 100 

ml dioxane iCmore ^ioxane- 1£ needed^^^ more lipophilic 
. subs ti tuents ), and- 2i..molari.equivalents- of. .the acid anhydride 
. of the. desired acyl., substi.tuent,:is£,added.-.:^ The:.mixture is 
: stirred f or;5 hours:,at: 80.?C r.(or .,48;.hours. atj room 

temperature ) :, and then , thei solvent is removed: in vacuo. The 
..residue is, washed . with. hexane or.? benzene, and: recrystallisfcd 
from ethanol-orrethyl acetate: (adapted from A)ciyama: et al., 
Chem. Phami. -bullw / 26 ;981-,.(1978) I'w ■ . • , 1 ^- i 

. ■ Example XII ; ■■ Prep aration of. N^>2 'r>3' >5'Tetraacvl. Cvtidine 
.^°"'P°""ds. invjwhich- theh.acyl substituent- of • the 
amino group and the hydroxy 1 groups of . the : ribose; ring of 
cytidine are ; the same, (e ?g . > -..t^ 

prepared. by .dissolving or suspending. cytidine in dry 
pyridine, adding at ileast,. 4 -molaruequivalentsVof,^the;vacid 
chloride, or -jacid anhy dridei of. -.the. desired vsubstituehf, and 
stirring: thexmixturefiovernighti- at jrbom tt'empera.turt-.-juThe 
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solvent is removed ±n vacuo and the residue ;is washed and . 
recrystallized. . r. ,. 

Having now fully described this invention, it will 
be appreciated by those skilled in the art that the same can 
be performed /withinTa wide range of equivalent parameters of 
composition, condiVionsV and modes of administration without 
departing from the ^spirit or. scope of the invention or any 
embodiment thereof • 



i 
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WHAT IS CLAIMED IS a ' . 

1. An acyl derivative of uridine having the 
formula (II) : - . *^>^>S4.iA^ j^Y.-:?^ ^ . • 

. J). • 



(II) 

Wherein , , and are the sane or different and each is 
hydrogen or an acyl radical of 

(a) an unbranched fatty acid with 5. to 22 carbon 
■ atoms, 

(b) an amino acid selected from the group consisting 
of glycine, L-forms of alanine, valine, leucine, 
isoleucine,. tyrosine, proline, hydroxyproline, 
serine, threonine, cystine, cysteine, aspartic 
acid, glutamic acid, arginine, lysine, histidine, 

.carnitine!^ and ornithine',. . i 

(c) a dicarboxylicacid.of 3 io 22 cifton atoms, or 

(d) a carboxylic acid I selected from|one or more of the 
group consisting of glycblic acid, pyruyic acid, 
lactic acid, enolpyruvic. acid, . lipoic acid, 

: pantothenic acid, lacetoacetic acid,- "p-aminobenzoic 
acid, betahydroxybutyric acid, brotic. acid, and " 
creatine , 

provided that at least one of said substituents R^, R^, and 

is not hydrogen, and further provided that if any of said 
substituents R^, R^, and R^ is. hydrogen and if said 
remaining substituents are acyl radicals of a straight chain 
fatty acid, then said straight chain fatty acid has 8 to 22 
carbon atoms, or a pharmaceutically acceptable salt thereof". 
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• ■-.e -ot^o J:: 2rx An acyJL^ d^eriyjrti^^ the 

t^i H^«ji^n;4r/^ and each is 

hydroceh^ or, an acylV.radical, of a metabolite ,1 and: is an 
acyl- radical of; .a metabolite,; or a pharmaceuticaliy 
■ acceptable salt thereof . 

, ,j 3. An acyl^ derivative , of uridine as recited in 
claim 2 wherein .said, metabolite, is an acyl radical of ; a 
carboxylic. acid selected/ from, one or more of the group 
consisting, of a j fatty .acid of ,2- to. 22 carbon atoms, glycolic 
acid, pyruvic acid, lactic acid, enolpyruvic acid, an amino 
acid, lipoic acid, pantothenic acid, succinic acid^ fumaric 
acid, adipic acid, facetoacetic acid, p-arcinobenzoic acid, 
betahydroxybutyric acid*,: orotic acid, and creatine, or a 
pharmaceuticaliy acceptable salt thereof. 

4, The acyl derivative of claim 3 wherein said 
amino acid is selected from the group consisting of glycine, 
the L forms of . alanine, !_valine , leucine, isoleucine, 
proline, phenylalanine, tyrosine, cysteine, cystine, 
methionine , tryptophan, aspartic acid, glutamic acid, 
. arginine.,. lysine , . histid.ine, ornithine, carnitine, and • 

hydroxylysine, . ii.-M.ir. J^-i. ^ : - r' \ 

^ .5.,. A. composition comprising the acyl , derivative 

of claims 1 or. 2^. and^ a pharmac.eutically acceptable, carrier. 

I A unit, dos.e ■pf.^ithe^composition of claim 5 

comprising^ an amount^ of. said^acyl^ derivative, being , the 
equivalent of 10-3000 mg of uridine. 
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7. A composition comprising a mixture of at least 

one acyl- derivEtive*'6f claim's •l'' of^'2 , at least one acyl 
derivative of cytidine selected from the grbup -consisting of 
2 • , 3 • , 5 • -tri-O-acetyl cytidine , 2 ' , 3 ' , 5 ' -tri-O-propionyl 
cytidine, or 2 • , 3 • ,5 ' -tri-O-butyryl cytidine and a 
pharmaceutical ly acceptable carrier. 

8. A unit* dose of the composition of clain 7 
comprising amounts of jsaid acylr. derivatives being the 
equivalent, of 10-3000 -mg' of uridine and 10-3000 mg of 
cytidine. " " ' o-..- 

9. The composition of claim 5 or 7 in the fern; of 
a liquid, a suspension, a tablet, a dragee, an injectable 
solution, or a suppository. 

10 . method of deliyerihg' exogenous* uridine to 
the tissue o'f an^-animal ,^-'coifnpriVin^^^ the "step* olC V ** ' 
adminiistefirig td^*said animal an' effective 'eLr^oxih.i df r^^ 
derivative of uridine as recite'd-' in^*clalm 1 b'r-^^^ 

■ ir. ' A\methdd of- delivering 'exogenous uridine to 
the tissue o'f an 'animal^^ cdmprlsing' :the' *step'^ •:U^:^i ' 
. aiiminis teriTig'- td^ siad^^niH^ a?r^elEf ecti^e^fairS acyl " 

:^ ' ' ^ deriva tive^^f ; uri^rie"^ having^ tlife; "ioin^ Hi )^^'^ > r> r;g :x 
.-t.-m;; ■ • oxyrtv ^qlohp .^bfDa px^paX- ^bxpii DivtJ^irYcj • 

wherein R^T' ' Ri^' and li^^^r^'t^^^ or^^ dif^i^ritr and 

each is hydrogen or an acyl radical of a metWolltV,N 
provided that ; at ' least'-^on^^ d*f ^Va'i^ '^R^ Wb is not 

hydrogen, bir^a pharmaceutically 'accl^ 

' ' A method *as^ recited^ ;i?i * claim ^ 11 wherein said 
metatiblite'ls- a carfecxyiic^^acxd^ s^^^ from' ^^nV^or more o£ 



:i 1.;.. :-.lf; ; 
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the group. ^consisting 'of glycolxc acid, pyruvic acid, lactic 
acid, enolpyruvic 'acid, an ammo acxd, a fatty acid of 2 to 
22 carbon^ atoms , "^ lipoic^^acTd^, pantothenic* acid , succinic 
acid, "fumaric" acid,^* adipic acid, acetoacetic acid, 
p-aminobVnzoic acid; 'betahydroxybutyric acid, orotic acid. 



.On 



7.?: C 



and creatine •** 

'-x;-^ 13/ A method of ' delivering' exogenous cytidine to 
'the 'tissue ' of an' animaii'^ comprising^^ step'of : ' 
administering to*' said animaV an^ an acyl 

derivative of cytidine having the formula (111) 




^^wKerein^R^r!R'^*^R^7='^^^ br^^fferent^ and 

each^^is hydrogen of .afi^^acyl radical^'of ' a metabolite provided 
that at'^least one of said 'R substituents is hot hydrogen, or. 
a' pharmaceutically 'acceptable ' salt ^ thereof . 
: r. J j-j.:^ ri^nu A method as recited ^in ''claim' '13' wherein said 
• metabolite-'^^is a ' carboxylic •'acid selected from one* or more of 
'••-' the group- con sTs ting' -of "g ly colic ' acidV pyr^ acid, lactic 
•acid, enolpyruvic acid,^ an. amino 'acid, a fatty acid of 2 to 
22 carbon atoms, lipoic acid, pantothenic acid, succinic 
acid, fumaric acid, adipic acid , 'acietoacetic acid, 
p-aminobenzoic acidV betahydroxybutyric acid, orotic acid, 
and creatineV i^*-^'-^- i:..':^ : ' ' - ' ■ ' 

15. X method oi treating physiological or 
pathological conditions 'of the tissue of an animal by 
supporting metabolic functions thereof , comprising 
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increasing the bioavailability of uridine to said. tissue by 
administering to said animal an ef fective." amount of an acyl 
derivative of uridine as 'recited in" ciaiih' l" or 2 ' 

}^ ' . ^ of treating physiological or 

pathological conditions' "of the' tissue of an animal by 
supporting metabolic functions thereof, comprising . 
increasing .the bioavailability of ^^^^^^ tissut by 

administering to^>aid,.^aniji|a^^^ ^^ii^S^^^^J^y^lV^ J°f.,r?." acyl 
,"^i«3ine,having„the forroula (I) : \^^^^ '>^ 




wherein , , R^ , and R^-i are'-the same or different and 
each is hydrogen or an acyl radical of a metabolite,- 
provided that. at least one of. said R substituents isnot . 
hydrogen, .or. a phannaceu.tically., acceptable- salt -thereof . 
. : 1 , ?;,^lr.t Recited in clainij^is wherein said 

• is a .carboxylic ac\d^,selec.ted ' fromjone .or.-more of 
the group consisting of .^cetic^ac^ s,gly.colic2acid, .pyruvic 

• ^?.^^':.t?-f^}-^%^':^^Us^'}°^PX^^^^ acid,..v an amino , acid, a fatty 

,.*i°:i22,,car:bon atoms, .lippici.acid,},^^ 
succinic acid , ^ f unjaric „acid ^ace-toaceti.c, acid , 

. P-^^fnpben/oic .acid ,^>etahydr.oxi^butyric ,^ 
and creatine. , i .,• p 

^."i®j^^^°*^J°A'&^f.e.at.ing 
pathological. condi^tions.,of,f.the an,.animai:,.by •■ 

supporting metabolic functions thereof, comprising 
increasing. ^the bioavailability^ 9f,.oytidine ^.to' said tissue by 

"f^l^jin^s *P:^.?>A^^^^ amount, .of .an acyl \ 

derivative, of^ cytidine..^^^^^^^^ 
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(III) 



, J. wher.ein .' R2 '\ ^3 ^^-^ H^"^ • W.t. t ana. 

otsfeach^is :hydro.gen .01: an acyl ^radical "of a roe^^^ 
, . prpvided I that; at least opne . of, ;said ,.R ..substituents is not 
hydrogen, or ^a pharmaceutically acceptable t.salt thereof. 

:.l?.- A method; as -recited in, claim 18 wherein said 
metabolite is, a . carboxy lie acid .selected from one oj^ more of 
. the. group ;-cpnsi sting I of :.glycolic acid, pyruvic acid, lactic 
acid, enolpyiruvic .acid, an amino acid, a fatty acid of 2 to 
22 carbon atoms, lipoic acid, pantothenic acid,, succinic 
acid, , fumaric acid, a.dipic acid, acettoacetic acid, 
p-aminobenzoic acid, betahydroxybutyric acid, orotic acid, 

and creatine. 

20. A composition comprising a. mixture of at 
least one acyl derivative of uridine as recited in claims 1, 
2, or 16, at least one acyl derivative of cytidihe as 
recited in claim .2 and a pharmaceutically acceptable 

■ • . t i ' . ' ■ , 



carrier ^ 



21. A method^' for' ^treating cardiac insufficiency, 
myocardial infarction, !:hepatopathy, diabetes, 
cerebrovascular disorders, Parkinson's disease, or to 
enhance muscle performance, or to improve immune responses, 
comprising administering to an animal an effective anicur.t. of 
..a . composition comprising an acyl- Vderiyative of .uridine 
.having^^the. .formula . ■ yi. '. ■ . ; 
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(I) 



i' ^^2' •^S ^"'^ R4 -are the same or different and each 



wherein n^, Rj* R 

is hydrogen or an aicyl radical- 6f a •-metaboli'te;- "provided 
that at least one of 'said 'R substituents is not hydrogen , or 
a pharmaceutically acceptable salt- thereof. 

22. A rae-thod for treating cardiac insufficiency, 
myocardial infarction, hepatopathy, diabetes; 
cerebrovascular disorders, Parkinson's disease, and infant 
respiratory distress syndrome, or to enhance muscle 
performance, or to improve immune responses comprising 
administering to an' -animal* an- ef fective amount-^of -'a:;^ 
' composition 'tomprising:-'a"niacyl s^deriVativ -of -'^i^ldi^n^; 
having, the. formula'"'(iii)r /.I ';. /. s-ini-^sij-j^a . ft.n,r .-• 



r 



- v f i^oi'^-nH ■ rt^/o:^ ' pnxxs if g X ri i^^^^ (111) 

•whereih r^Rj Rlv'^arid:'^^^ bf-'d^f-f fe'Fen^t and 

each is an. acyl radical of a met'atjorite^'ijrovl^^^^^ 
least one of said' R substituerits is not . hydrogen , or. a . 
pharmaceutically acceptable salt thereof. 
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:>,'c bsJ-lna-x 23^. - A' Wethod^ for' t« 
mybVarWa'l Inf arc 

cerebVov^scuiaf diVbrders',':^^ disease, or to 

'"- ' -'enha^nce or to^'iinprove inunune responses,. 

' compVi'sing- 'coadministering^ least 
one"'•Wy^^•deriva■tivV/of^ur claim 21 and at 

. "' least' one^ acyl' d^ 

ciai:m"22. • " i ''•^ -'^ l...^'-/ 

ifi ,-:iai::-^24V" The- method' of ^'claim'" 23 i wherein said 
■ -'■ " coadmi?ni'stered Wyl^ deHVatives^ c^ 

derivative^ selected 'from the^ group I consisting' of 
• 2',3'/5'-tri-0-acet"yl cytidine, 2',3',5'-tri-0-propionyl 
cytidirie, and 2' ,3'",5''-tri-0-buty"ryi'cytidine, and at least 
one derivative selected from the group consisting of 
2 • , 3 • , 5 , -tri-O-ac'etyi uridine , 2 '. , 3 ' , 5 ' -tri-O-propiony 1 
uridine", and 2 ' , 3 • , 5 • -tri-O-butyry 1 uridine . 

25. The method of claim 24, wherein the dose of 
each of- --said uridine derivatives, is 15-4500 mg and the dose 
of 'each of said cytidine derivatives' is 15-4500' mg. 
. • ' V-'-- 26.' A method as recited' in claim 11 wherein said 
' exogenous uridine is ^delivered from the gastrointestinal 
tr.act into the circulation. 

27. A method ias recited in claim 13 wherein said 
exogenous cytidine is delivered from the gastrointestinal 

• tract into, the circulation. 

• ' -r-O:..: -^^ - -28. A method as riecited' in ' claim 26 wherein an 
effective^ amount "o'f-^2:'V3':^;5'>tri-0-ace ^ 
2 • . 3 ' , 5A-tri-0-propionylf 'ur^idine;7'or''*2 ' , 3-' ys ' -tri'-O-butyryl 
.•::r-.:j..,m uri'di'nev;!Sor-ph^^^ salts thereof is 

- r- -'■adroinistefed''-td-sard !^ari^^ "viJ-r; • • . .: '. 

. : o , fe29-.*'- '^• A 'methbia yas-freci^ an 
effective amount of 2.'V3-%'5^'i^tri-0.-acetyl^ = 

• 2 ^'3*V5 «-tri-0-prbpionyl cytidine',* or^ 2 ' , 3 • , 5 ' -tri-O-butyryl 
■ cytidine'," or pharmaceutically acceptable salts thereof is 

administered - to' said 'animal; ' ' 

30. A composition "^f or delivering exogenous 
uridine to the tissue of an animal comprising an effective 
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■ amount of . an acyl derivative of^. uridine as recited in 
claim 11^ and a pharmaceutically acceptable. carrier • 

-: ..31. A. composition for^ delivering exogenous 
, cytidine to the tissue of an^^animal . comprising,. an effective 
amount of ^an acyl derivative, of cytidine. as. recited in 
claim 13 and a pharmaceutically acceptable ...carrier. 

,32. A composition, for^, treating physiological or 
pathological conditions of the tissue of an animal by 
supporting .metabolic functions thereof comprising an 
effective amount of^ an. .acyl derivative of. ^uridine, as recited 
in claim 16 and, a pharmaceutically acceptable carrier. " 

33. A composition for treating physiological or 
pathological conditions. of the tissue of , an animal by 
supporting metabolic functions, ^thereof comprising an, 
effective amount^ of an acyl-, derivative of -cytidine as 
recited in .claim; 18. andra pharmaceutically acceptable 
: carrier. • . . *. ^ 

, 34.; A composition for treating physiological or 
pathological conditions, of .the tissue of an animal by 
supporting, metabolic functions thereof comprising an 
effective amounti of at ; least one , acyl derivative as recited 
in claim 16 and at least one, acyly^derivatiye rpf /cytidine as 
i ^recited in.;Claimt l8:,:,.;and,-^a pharmaceutically acceptable 
i.;..,,, carrier i i* i^o-^d: hei:?ij'jxx^b b ^: .enui [i ^v^^r\' ■^^/Da^f■-*)Xt-• 

35 . A composition as, jrecited . in ^claim ^3,0 ^wherein 
. said: acyl .derivative^. ;Of ;5uridine,4s,, 2 , 3 5 , -tri-0-acety.l 
uridine,v^j ,3 • , 5;^.tri-p;-p2ropionia j^uridine:,: orvj^ 
: 2 ■ , 3 ^ , 5 •-tri-O^butyryl-.uridine^^ ^ ; . r 

•f : :.rxj^:\A- 36. o A^.cpmposition-as^t^^ecit 

said acyl derivative of cytidine ^is:"^2 3 V^, 5;^ -tri-:0::acetyl 
. cytidine, ?2^,3\5;-trirOrpr6pionyl^^^^^ 
2' ,3' v5>trir0-butyry:l^:cytidine<; ^st: oc::^ svl:^tj^^:^ i 

• - * ' 37 . \ A:- composition ^{as;crecited\.in ;^^ s.;3 2 ; wherein 
t .said,:acyli.deriyatiye:,:Olv^^^ ,iS,,-;tr:irO- acetyl 

uridine , 2 \ 3 • , 5 V-tri-O-prppionyl- iuri^^^^ 
2 V> 3 V , 5 • -tri:-0-butyry^3:uridi^e;ot^mo^ A :.0£ • : 
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38 . A. composition as recited in claiiti 33 .wherein 
said acyl : derivative. of cytidine is 2 ' , 3 \/5,-tri-0-acetyl 
cy tidine , 2 • r 3 • * 5 • -tri-O-propibnyl cytidine , and 
2 ' , 3 ' , 5 ' -*t rT-O-bu ty ry 1^'cy ti (dinVf ^^.^^ | 

. . .39. A composition as recited in claim 34 wherein 
said acyl derivative of uridine is selected from the group 
consisting .of,.!2.^,.3 * ,5,-tri70-acetyl^ ; . 

2 Vr 3 • V5 • ^tri-o4propionyl uridine, = and 2 ' , 3 * , 5 ' -tri-O-butyryl 
uridine, land said acyl' derivative of ; cytidine [is selected 
from the group>Jcbnsisting of 2' ,3' , 5 ,-tri-O-acetyl ^cytidine , 
2' ,3' ,5'-|tri.-0-propionyl cytidine, arid 

2 \ 3/ , 5 ' -jtrir^-but^^ j;^: - ^i: •]-:"; • ■ ' 





m 




..X 0 



wo 89/03837 




CT/US88/03823 



■ . . : i/u .. . . . • 

2 ' fi ■;sx c-n-xSiiivo 5q 3vi *5< i-2o& •I'^^os SXc.-; 

80000 T— — .. 



=3 
S 

s: 



> 
-3 



60000 



40000/ 



20000 




LVSPxHR 



Control i 1 Untreated; tAU+TTAC 



Figure 1 



Substitute sKEr 



wo 89/03837 c-ii 



Ct/US88/03823' 



3/11. 



C 
O 

o 

CI 

s 

E 



+ 



8000 



6000- 



4000- 



2000 - 




+dP/dT 



Figured 



SUBSTITUTE SJhfEET 



wo 89/03837 1 • U^T 



PCT/US88/03m 



■i 

4/1 r 



7000 



6000 



4000- 



9^ 5000 1 

s 
o 
u 

55. 
B 




3000- 



2000- 



1000 








Control Untreated TAU+TAC 



Figure 4 



■dP/dT 



SUBSTITUTE SHEET 



^yO 89/03837,&E ilJ\T5 



PCT/US88/03823 




wo 89/03837'^*'*'^'^^^ 



PCT/US88/03823 



15000 



o 
o 

B 
B 



&4 

■a 

+ 



10000- 



5000 



'■C'J'C'i" 



+dP/dT 



Control Untreated TAU+TAC 



SUBSTITUTE SHEET 



wo 89/03837 



^Ppr/US88/03823 



9/11 -J 



12000 



c 
o 

CO 

X 

B 
S 



10000- 



8000- 



6000- 



4000- 



2000 - 




'. i^oritrol 

.. .,<.„^... ; ........... — n 



■ DAT;- y.AT. b5)B3:iai'.:U; ■• lamoO 
' .. i" 'Figure 9].' ' : i'-".- 



0 



-dP/dT 




Control Untreated TAU+TAC 



SUBSTITUTE SHEET 



wo 89/03837 ^ ^, 



H 



^|CT/US88/03823o^., 




Control 



Treated 



Time (miiiutes) - 



Figure 11- ^ 



SUBSTlTUtE SHEET 



/- • ? ' 'ViM50\2SlJ.?!fT5.'l'f^'$ REPORT 



pcT/usaa/n-^ftpt 



CLASSIFICATION OF SUBJtCT WaTTER iil ,>,„.l cl«...lieai.on «yml>ol, .opiy. indieaw .11) • 



IPC ( V)" r'"co~7H 'T 9 / 0 6 ""r A6 Ik" 3 1 / 70"' 
U.S. CI: 536/23, 514/49. 50 



II. FIELDS SEARCHED 



MimmuRi Dacumeniaiien Searched ',. 



Cleuiflcaiion Srslcm 



Clattificalion Symbgls . 



U.S. 



• 536/23 ; '5'l4/'49.f ^"SO ''^f^ ^"^7 



Documentation Searched other than Minimum Oocumentalion 
to xr>e Eiteni that such Oocumenta are Included in lh« Fields Searched 



Computer^search (the generic'-Wompounds^ of claims ! 1 ; 2 ^ and 13 
and methods of using same^ in claims 21 and 22. 



III. DOCUMCNTS CONSIOCRCO TO BE RELEVANT • 



Category 



Citation ol Document. " with indtcatfon« where appropriate, of the relevant paaaagea « 



Relevant to Claim No. *> 



EF, A 056,265 (THILOL and CO GMBH), 
published 21 July 1982, see the English 
;nabstract,j,, formula jM) j dUX^;) V^^ , .: ; , 

JP; A 57-91995 (PUJU Chemical IND KK) , 
:publ i shed .,08 June rl982 /f; see' ) the '. Engl ich ' 
,rabstract,.^.fQ.rmular(I) ..o^Ajr : n . ^ vl 

JP, A 52-23085 (AJINOMOTO KK) / 
vi;P.ublished 21} Ee.burary. a977.;: )see ' the' : t 

English abstract, formula ( I) 



X 
Y 



,iUS; A 3,585,188r (RYUJl/fMARUMOTO* ET: AL)1ri 
15, June 1971, see the formula .. (I)? in ri-:: 



10-12, 
26,28 



: 20, 31- 

: 

I- nr. ■ 

18, 20, 

^ 31r 

33-34 



1 



column 1 

I. 

•I . 



.•7 ,t>.. 



5-6, 
9, 20, 
31,32,34 

f .'ir. 'i 



t 



* Special categonea o(|eited documents: *9 
-A- document defining (ha general state of the art which is not 
considerad to be ol oariicular relevance 

"E- earlier document but published on or after the international 
liling date 

"L" document which may throw doubts on priority c(aim(s) or 
which is cited to establish the publication data ol another 
cilation or other special reason (as specified) 

"O** document referring to an oral diaclosurc. use. ekhibitton or 
other means 

"P" document published prior to the international fiiino date but 
tatsr than the priority date claimed 



**T later document published attar the international filing date 
or priority date and not in conflict with the aoplicacion but 
Cited to underatand the principle or theory unaarlying the 
' inveniion 

"X** document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

**Y** document of particular relevance; the claimed invention 
cannot be considered lo involve an inventive step when the 
document ia combined with one or more other auch docu- 
ments, such combination being obvious to a person skilled 
in the an. 

document member of the same patent family 



IV. CCRTIFICATION 



Date of the Actual Campleilon el the International Search 

29 December 1988 



Date ol Mailing of this InternaUonal Search Report 

0 8 MAR 1989 



Inlarnatlonal Searching Authority 

ISA/us--^-.'- — L.^.;, 



I 

-I- 



Signature of^uthoriied Offic er 

J enny*^Tou — " 



Fonnf>CT/ISAatO(BeeaidsheeQ |Rev.t1*«7) 



tntemotionat ADoScation No. 



PCT/US88/03823 



III. 



DOCUMENTS CONSIDERED TO BE RELEVANT MCOHTINUEO PROM THE SECOND SHEET) 



CalegcfY • | Citntion pt Documefit. • miih indication, whefe appreimaf . of ihejf^te^ant passages ';2^^|*Rel>vant:io_aaim No 



Y 



f . r 



Chemical s^bstracts, volume '747 Mo. 21 / 
issued - 24 May- 1971 : ( Columbus Ohio; "*"^ " 

US A ) , ^- RAJ ABEL EE - " con Ven i e n t- s yn the s i s — 

of 2', 5 '-tri-O- acetyladenosine 

and - uridine, see page ^.433 . column .l-v\;-r ^ 
the abstract no. 112368 K, Angew. 

Chem^ Int. Ed.. Engl* 1971,_10(1), J 

75(Eng.) .ir -fia-. i ^-'z 

EP, A- 0, 222, 192 * (SLOAN-KE^^ 
published 20 May ';l987 ,j^\'sVe 
abstract / " ' ^ • ^- . ; . 



. :,.;EP/| A 0,i78v267.;:(poLiFARMA:;^PA);r:t?;. p:^.T--3. 

- published i6 Apr il" 1986 P See^'the^" 
English abstract 

us, iA 3,975,367 (GISH ET XAL >^;ul 7 ^August V.:^ 
1976, see. formula ( I) in column 1 

:US, ; Ar:3 • 894 ; 000 WECHTER^ET'^:AL)'', >t)8fo^ffei.i 
July 1975, see the front Ipage;'»cdlumri-r-<:^ 
the last four lines 

, US, jA 3,991V045 ;;(ISHIDA\ETtAD) 09 Unailc 
■ November 1976, see column 2, lines 8-11 

JP, A 55-24150 (TAIHO PHARM KK) , 

publishied 23 March\'1983,T.rs(eie the i 
•'.'"English abstract:-.; ^il;: .i^i: ^•i' -'^x t>i 

• ■ • . • . . ■ ■ I 

z\jPf jA 58-49315; { MITSUI PHARM INC) , .; 

published 23 Febuary. 1980, see the . 

English abstract. 



.-3 ''■ 1 



t.-. *.f- ' t- 
■ * . i • . 



y.rt'.yi f> *J 

\^,Tf4 ,'-,t.V- 



.1 ■ ■ 

•i»r i.TTO tji o. .» .s«.k: »>■•! 'iaiiJi). 



.j-i : 

35'.'ahd 
37' 



10-12 ^. 

26, :.j2a 

iT.i: UiN 

.15-17 I 
' and i 

21 . ! 

a.-^ ■ I 
u^i ■ ■ 

•20, 31, 

33-34 i 

' '-' ' I 

= 13-14,' 

27, 29 

■ • i 

i^v .. .; 

13, 27, 
29 

Vd ! 
15-19,! 
•"■21-25 1- 

26 and 

28- i 



S-.f./c' It »J 1 



fam PCTnSA/210 («nra ihMi) (Rov. 1 1-87) . 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^□^DED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ OTHER: [ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




NES OR MARKS ON ORIGINAL DOCUMENT 



;ference(S) or exhibit(S) submitted are poor quality 



